^DEPARTMENT  OF  THE  ARMY 


CORPS  OF  ENGINEERS 


BEACH  EROSION  BOARD 
OFFICE  OF  THE  CHIEF  OF  ENGINEERS 

AREAL  AND  SEASONAL 
VARIATIONS  IN  BEACH  AND 
NEARSHORE  SEDIMENTS  AT 
LA  JOLLA,  CALIFORNIA 

TECHNICAL  MEMORANDUM  NO.  39 


m & 


AREAL  AND  SEASONAL 
VARIATIONS  IN  BEACH  AND 
NEARSHORE  SEDIMENTS  AT 
LA  JOLLA,  CALIFORNIA 


TECHNICAL  MEMORANDUM  NO.  39 
BEACH  EROSION  BOARD 
CORPS  OF  ENGINEERS 


MARCH  1953 


FOREWORD 


An  important  feature  in  the  research  program  of  the  Beach  Erosion 
Board  is  a study  of  coastal  sediments,  with  particular  regard  to  establish- 
ing environmental  sedimentary  characteristics  in  the  littoral  zone  as  an 
aid  in  the  analysis  of  littoral  processes.  An  earlier  report  by  F.  P. 
Shepard  and  D.  L.  Inman,  published  as  Technical  Memorandum  No.  26  of  the 
Beach  Erosion  Board,  concerned  volumetric  sand  movement  on  the  shallow 
shelf  between  two  submarine  canyon  heads  at  La  Jolla,  California,  and  con- 
current wave  observations.  The  report  which  follows  concerns  results 
obtained  from  extensive  sampling  and  analysis  of  sediments  in  the  area 
during  the  same  period. 

This  report  has  been  prepared  at  Scripps  Institution  of  Oceanography 
in  pursuance  of  Contract  W-l49-O05>-eng-3,  as  modified,  which  provides  in 
part  for  investigating  the  variability  of  beach  and  shore  materials. 

The  author,  Douglas  L.  Inman,  is  an  Assistant  Marine  Geologist  at  Scripps 
Institution  of  Oceanography.  He  was  assisted  in  the  experimental  work 
leading  to  this  report  by  Jean  Short  in  laboratory  analysis,  D.  M.  PAole 
and  R.  A.  Mills  in  heavy  mineral  counts,  and  by  J.  R.  Moriarty  and 
D.  B.  Sayner  in  drafting  the  figures.  The  writer  expresses  his  appreciation 
to  Professors  Francis  P.  Shepard  and  George  F.  McEwen  for  their  assistance 
and  guidance  during  this  work  and  to  Robert  S.  Arthur  for  his  valuable 
suggestions  and  careful  reading  of  the  manuscript. 
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of  the  Beach  Erosion  Board. 


79th  Congress, 


This  report  is  published  under  authority  of  Public  Law  166, 
approved  July  31 , 19U£. 


TABLE  OF  CONTENTS 


Page 

List  of  Figures  . . i 

List  of  Tables  ! ii 

Abstract  1 

Introduction  2 

Description  of  the  Area 3 

Waves,  Currents  and  Beach  Changes  6 

Exposure  to  Waves  7 

Currents  8 

Sand  Level  Changes  12 

Field  and  Laboratory  Work  17 

Field  Methods  17 

Laboratory  Procedure  18 

Particle-size  Analysis  19 

Measures  of  Size  Distribution 23 

Comparison  of  Sieve  and  Settling  Tube  Data 25 

Field  and  Laboratory  Errors  29 

Description  and  Composition  of  the  Sediments 33 

Heavy  Minerals  33 

Distribution  of  Micaceous  Material  37 

Carbonate  Content UO 

Roundness  U6 

Particle-size  Distribution U6 

Areal  Distribution  of  Size  Measures  U8 

Comparison  of  sieve  and  settling  tube  data  U8 

Median  diameters  63 

Sorting  6k 

Skewness  6U 

Sediment  Distribution  in  Adjacent  Areas  6U 

Size  Distribution  Diagrams  65 

Summary  and  Conclusions  76 

Bibliography 80 

Appendix  IA  - IF  ....  Particle-size  Distribution  and  Values  of 

Selected  Components  for  Repeated  Range 

Samples  IA-1 

Appendix  II  Particle-size  Distribution  and  Values  of 

Selected  Components  for  Supplementary 

Samples  II -1 

Appendix  III  Sand  Size  and  Beach  Foreshore  Slope  ....  III-l 


i 


LIST  OF  FIGURES 


Figure  Page 

1.  Location  map  and  index  h 

2.  Index  of  sample  location 5 

3.  Seasonal  waves  at  La  Jolla  9 

U.  Nearshore  circulation  11 

5.  Sand  level  changes  13 

6.  Storm  effect  on  sand  transport  1$ 

7.  Sand  size  and  beach  slope  16 

8.  Conversion  chart  for  phi  and  millimeters  21 

9.  Fitting  cumulative  curve  to  settling  tube-pipette  data  ...  22 

10.  Relation  between  phi  median  diameters 27 

11.  Relation  between  phi  deviation  measures  28 

12.  Cumulative  curve  of  typical  beach  sample  35 

13.  Laminated  beach  sand 36 

ll*.  Areal  distribution  of  heavy  minerals  38 

15.  Cumulative  curve  of  micaceous  sample  39 

16.  Areal  distribution  of  micaceous  material  ill 

17.  Areal  distribution  of  carbonate  1*2 

18.  Seasonal  variation  of  sediment  components  along  D range  ..  1*3 

19.  Roundness  of  quartz  grains  U* 

20.  Cumulative  curves  of  typical  sediments  1*7 

21.  Areal  distribution  of  phi  median  diameters  1*9 

22.  Areal  distribution  of  phi  deviation  measures  52 

23.  Areal  distribution  of  phi  skewness  measures  55 

21*.  Seasonal  variation  of  size  distribution  along  D range  ....  58 

25.  Variation  of  size  distribution  along  U range  6l 

26.  Size  distribution  diagrams  67 

27.  Areal  distribution  of  bottom  sediment  types  75 

LIST  OF  TABLES 

Table  Page 

1.  Comparison  of  sieve  and  settling  tube  data 26 

2.  Errors  in  measures  of  size  distribution  31 

3.  Distribution  of  light  and  .selected  heavy  mineral 

fractions  3l* 


ii 


AREAL  AND  SEASONAL  VARIATIONS  IN  BEACH  AND 


NEARSHORE  SEDIMENTS  AT  LA  JOLLA,  CALIFORNIA 


by 

Douglas  L.  Inman 
Assistant  Marine  Geologist 
Scripps  Institution  of  Oceanography 


ABSTRACT 


The  nature  of  the  seasonal  distribution?  of  certain 
physical  properties  of  sediments  on  the  beach  and  shallow 
shelf  area  between  two  submarine  canyon  heads  was  studied 
at  Scripps  Institution  of  Oceanography.  The  investigation 
was  made  from  five  series  of  bottom  samples  obtained  per- 
iodically from  June  19U9  to  May  1950  along  a predetermined 
grid.  Each  series  consisted  of  about  130  samples  extend- 
ing from  the  beach  foreshore  out  to  depths  of  approximately 
200  feet.  The  emphasis  in  the  laboratory  analysis  of  the 
sediments  was  on  the  distribution  of  particle  size.  Other 
properties  such  as  shape,  roundness,  heavy  mineral  and 
carbonate  content  were  also  measured. 

Topographic  surveys  showing  the  changes  in  sand  level 
were  made  concurrently  and  on  the  same  grid  as  the  sediment 
sampling  operations.  These  surveys  indicate  that  beach 
material  migrates  seaward  during  period  of  large  waves  and 
landward  during  small  waves.  The  most  pronounced  changes 
in  sand  level  occur  in  depths  less  than  30  feet,  but  some 
seasonal  effects  may  extend  to  greater  depths.  The  greatest 
change  in  sediment  size  also  took  place  from  the  beach 
foreshore  out  to  depths  of  about  30  feet.  In  this  zone 
the  sediments  tended  to  be  coarser  during  the  winter  and 
spring  when  the  beaches  were  cut  back,  and  finer  in  the 
fall  following  the  summer  fill. 

The  areal  distribution  of  physical  properties  indicated 
that  the  sediments  varied  in  a systematic  manner  from  one 
locality  to  another.  It  was  found  that  the  sediments 
could  be  divided  into  types  on  a basis  of  particle-size 
distribution,  and  that  these  types  were  characteristic  of 
the  environment  of  deposition.  The  beach  and  intercanyon 
sediments  were  grouped  into  three  general  environmental 
types.  Type  I consists  of  beach  foreshore  sands,  which 
were  the  best  sorted  sediments  in  the  area.  Sands  from 
the  surf  zone  were  designed  as  Type  Ha,  and  were  character- 
istically coarser  and  more  poorly  sorted  than  sediments 
farther  inshore  or  offshore.  These  grade  into  Type  lib 
which  were  found  on  the  relatively  level  portions  of  the 
shelf  from  the  surf  zone  out  to  depths  of  approximately 
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100  feet.  Ttype  lib  sediments  are  predominantly  well  sort- 
ed, very  fine  sands.  Type  III  sediments  are  found  seaward 
of  Type  II  b in  areas  where  the  bottom  slopes  more  than  about 
1 in  15.  These  "slope"  sediments  usually  have  more  silt, 
and  are  characterized  by  positive  skewness  and  poorer  sorting. 

During  times  of  large  waves  sediment  is  lost  to  the  area 
by  transportation  into  the  submarine  canyons.  Replenishment  of 
this  sediment  is  apparently  due  to  transport  around  the  head  of 
the  northern  of  the  two  submarine  canyons,  since  the  sand  along 
the  beach  for  five  miles  north  of  the  canyon  head  is  very 
similar  to  that  in  the  intercanyon  area  and  the  littoral  drift 
here  is  to  the  south.  A much  coarser  and  better  rounded  sand 
is  found  on  the  pocket  beaches  and  on  the  shelf  south  of  the 
southern  canyon  head. 


INTRODUCTION 


Along  the  southern  California  coast  there  is  a seasonal  migration 
of  sand  between  the  beaches  and  deeper  water  in  response  to  the 
seasonal  changes  in  wave  height,  period  and  direction  of  approach.  In 
general  the  beaches  build  seaward  during  the  small  waves  of  summer  and 
are  cut  back  by  high  winter  storm  waves.  Bottom  surveys  indicate  that 
most  seasonal  offshore-onshore  interchange  of  sand  occurs  in  depths 
less  than  30  feet,  but  that  some  seasonal  effects  may  extend  to  greater 
depths.  The  purpose  of  this  investigation  was  to  determine  the  nature 
of  the  seasonal  distributions  of  the  physical  properties  of  sediments 
in  a beach  and  nearshore  environment. 

It  was  intended  that  the  bottom  sample  stations  and  the  repetition 
of  sampling  be  spaced  at  such  intervals  as  to  show  gradational  properties 
if  they  exist  in  the  sediments,  either  with  respect  to  space  or  time. 
Concurrent  with  the  field  work,  factors  influencing  sediment  transporta- 
tion and  deposition  such  as  wave  height  and  period,  currents,  and  tides 
were  measured.  The  emphasis  of  the  laboratory  work  was  on  the  distri- 
bution of  grain  sizes,  both  as  to  sieve  and  hydraulic  size,  because  it 
was  felt  that  processes  of  sedimentation  would  best  be  reflected  in  these 
properties.  Other  properties  of  the  sediments  such  as  shape,  roundness, 
heavy  mineral  and  carbonate  content  which  influence  hydraulic  size  were 
also  measured.  Because  much  of  the  significance  of  a study  of  this 
type  is  dependent  upon  the  methods  and  accuracy  of  collecting  and  analyz- 
ing the  sediments,  this  subject  is  treated  in  some  detail  under  the 
section  on  field  and  laboratory  work. 

This  is  the  third  of  a series  of  integrated  investigations  of  near- 
shore processes  along  the  beach  and  sandy  shelf  in  the  La  Jolla  area. 

The  types  of  currents,  and  the  relation  between  the  nearshore  currents 
and  the  wave  conditions  under  which  they  were  generated,  were  investiga- 
ted first  and  published  as  "Nearshore  water  circulation  related  to  bottom 
topography  and  wave  refraction"  (Shepard  and  Inman  , 19$0) . The  seaond 
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investigation  was  of  the  seasonal  changes  in  sa.id  level  from  the  summer 
of  19l|9  to  the  summer  of  1930.  These  were  measured  by  surveys  re- 
peated at  intervals  of  approximately  two  months  (Shepard  and  Inman, 

19$lb). 

Concurrent  with  the  sand  level  surveys,  five  series  of  sediment 
samples  were  obtained  on  a grid  corresponding  to  the  survey  ranges 
and  cross  ranges.  Each  series  consisted  of  about  130  samples  extending 
from  the  beach  foreshore  out  to  depths  of  approximately  200  feet.  In 
addition,  both  beach  and  bottom  samples  were  obtained  to  the  north 
and  south  of  this  grid. 

Previous  investigations  of  the  relations  between  the  size  distri- 
bution of  sediments  and  the  environment  of  deposition  have  been  under- 
taken by  many  workers.  Perhaps  the  first  and  most  rewarding  study  of 
the  areal  distributions  of  sediment  properties  was  that  by  Krumbein  and 
Aberdeen  (1937)  in  Barataria  Bay,  where  they  were  able  to  demonstrate 
that  the  bottom  sediments  varied  in  a systematic  manner  throughout  the 
lagoon,  and  that  the  size  distribution  of  the  sediment  could  in  general 
be  related  to  the  environment  of  deposition.  Other  notable  investigations 
of  this  type  include  the  study  of  areal  variations  of  beach  sands  by 
Krumbein  (1938)  and  Krumbein  and  Griffith  (1938),  and  the  sediment 
studies  of  Buzzards  and  Cape  Cod  Bays  by  Hough  (19U0,  19U2). 

On  the  California  coast  a similar  environment  to  that  of  the 
present  study  was  investigated  at  Pt.  Mugu  (Inman,  1930a  and  1930b). 

It  was  found  that  the  variations  in  size  distribution  with  change  in 
bottom  topography  were  comparable  to  those  at  La  Jolla.  The  present 
study,  in  view  of  previous  investigations,  strengthens  the  contention 
that  there  is  a good  correlation  between  sediment  attributes  and  en- 
vironment of  deposition,  and  illustrates  that  detailed  studies  of  the 
areal  and  seasonal  distributions  of  sediment  properties  are  valuable 
tools  in  the  study  of  sedimentary  processes. 

DESCRIPTION  OF  THE  AREA 


The  area  of  investigation  is  situated  just  north  of  La  Jolla, 
California,  where  Point  La  Jolla  forms  a small  hooked  bay  which  opens  to 
the  northwest  (see  figures  1 and  2).  The  shelf  area  within  the  bay  is 
cut  by  two  main  branches  of  a submarine  canyon,  which  extends  to  within 
about  700  feet  of  the  low-tide  shore  line.  A fine  sandy  beach  extends 
for  a mile  along  the  shore  between  the  canyon  heads.  This  section  is 
called  Scripps  Beach  and  is  terminated  by  rocky  areas  just  south  of  each 
canyon  head.  The  sandy  shelf  area  between  these  canyon  branches  and  the 
adjacent  beach  is  the  subject  of  this  study. 

The  coast  line  extends  in  a northwesterly  direction  from  La  Jolla 
Bay  and  is  fairly  even,  having  no  large  irregularities  for  approximately 
nautical  miles  to  where  Dana  Point  forms  a rocky  headland.  The  beaches 
along  this  section  of  coast  are  narrow  and  consist  predominantly  of  fine 
sand  interrupted  occasionally  by  pebble  and  cobble  foreshores.  The  beaches 


3 


FIGURE  I 


FIGURE  2 


are  backed  by  steep  cliffs  of  Tertiary  to  Recent  sands,  silts,  and  con- 
glomerates. The  cliffs  rise  from  10  to  1^00  feet  above  sea  level  and 
are  interrupted  occasionally  by  intermittent  streams  and  tidal  lagoons. 

Point  La  Jolla  to  the  south  is  a rocky  headland  of  resistant 
Cretaceous  and  Eocene  sandstones.  Most  of  the  Point  is  rock  cliff  with 
a few  coarse  sand  pocket  beaches  which  are  in  marked  contrast  with  the 
fine  sands  of  Scripps  Beach  to  the  north.  Also,  the  narrow  shelf  around 
Point  La  Jolla  is  rocky  with  small  pockets  of  coarse  to  fine  sand  in 
contrast  to  the  more  regular  slope  and  very  fine  sand  covering  of  the 
shelf  to  the  north. 

It  is  thought  that  the  major  source  of  sand  for  the  beaches  to  the 
north  of  La  Jolla  is  from  streams  and  cliff  erosion,  and  that  in  general 
this  material  has  a net  drift  to  the  south  in  response  to  the  direction 
of  wave  approach.  There  is  a tendency  for  the  size  of  the  beach  material 
to  decrease  towards  the  south,  and  the  finest  sand  along  this  section  of 
coast  is  found  on  Scripps  Beach. 

Scripps  and  La  Jolla  submarine  canyons  form  a natural  sediment  barrier 
so  that  any  sand-size  material  supplied  to  the  intercanyon  shelf  and 
beach  area  must  enter  the  area  shoreward  of  the  precipitous  canyon  heads. 
Since  the  erosion  of  cliffs  along  Scripps  Beach  does  not  provide  a 
significant  quantity  of  sand  (Shepard  and  Inman,  195lb),  the  major  source 
of  sediment  must  be  from  the  north  and  must  enter  the  area  across  a 
narrow  700-foot  zone  along  range  S at  the  head  of  Scripps  Canyon  (see 
figure  2) . 

A considerable  portion  of  the  southerly  littoral  drift  of  beach 
sand  must  be  lost  in  Scripps  Canyon.  Repeated  surveys  of  the  bottom 
topography  in  the  vicinity  of  Scripps  Submarine  Canyon  have  shown  that 
the  sand  portions  of  the  shallow  canyon  heads  exhibit  alternate  filling 
and  deepening  (Shepard,  193>l).  Most  changes  occur  at  the  heads  of  the 
canyon  near  relatively  steep  slopes,  and  show  no  apparent  relationship 
to  the  seasonal  cut  and  fill  which  occur  on  and  near  the  local  beaches 
in  response  to  wave  action.  For  these  reasons  it  is  thought  that  the 
periodic  deepenings  result  from  mass  movements  of  sand  in  the  form  of 
slides  from  the  shallow  canyon  heads  or  adjacent  shelf  into  the  deeper 
parts  of  the  canyon,  and  as  such  represent  a permanent  loss  of  sand  from 
the  littoral  drift  of  this  area.  Repeated  surveys  in  November  19U9  in- 
dicated a loss  of  3|  million  cubic  feet  of  sand  from  the  narrow  shelf 
near  Scripps  Canyon  head.  This  was  apparently  the  result  of  a slide  which 
accompanied  an  earthquake. 

WAVES,  CURRENTS  AND  BEACH  CHANGES 

Waves  and  currents  are  both  important  factors  in  the  transportation 
of  sediments  in  shallow  water.  Sand  may  be  moved  along  the  bottom  by 
the  stress  exerted  on  the  bottom  by  waves  and  currents,  or  it  may  be 
placed  in  suspension  by  wave  and  current  turbulence  and  transported  by 
currents.  An  important  principle  in  nearshore  processes  is  that  whenever 
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wave  action  is  sufficient  to  move  or  put  bottom  sediments  into  sus- 
pension, any  net  current,  however  weak,  may  become  important  in 
sediment  transportation.  It  is  also  possible  that  a net  transport  of 
sediment  could  exist  in  the  absence  of  a net  current  if  a horizontal 
gradient  were  to  develop  in  the  concentration  of  suspended  material. 

Such  a gradient  does  exist  near  the  suff  zone,  where  the  concentration 
of  suspended  material  is  greater  in  the  zone  of  breaking  waves  than  it 
is  seaward,  and  may  result  in  an  offshore  transportation  of  sediments 
by  diffusion. 

Water  motion  associated  with  shallow  water  progressive  waves  is 
oscillatory  in  nature,  the  motion  under  the  crest  being  in  the  direction 
of  wave  propagation  while  that  under  the  wave  trough  is  in  the  opposite 
direction.  As  waves  near  the  breaker  zone,  a differential  develops 
between  the  crest  and  trough  orbital  velocities,  the  velocity  under  the 
crest  exceeds  that  of  the  trough  and  becomes  of  shorter  duration.  In 
general  the  differential  between  crest  and  trough  orbital  velocities 
decreases  as  the  wave  height  and  frequency  increase.  However,  the 
picture  of  wave  motion  in  shallow  water  is  considerably  complicated  by 
currents  and  by  longer  period  waves  or  surges  which  in  some  cases  may 
result  from  the  fact  that  groups  of  high  and  low  waves  alternate  in  the 
surf  zone. 

In  this  connection,  Munk  (191*9)  concluded  that  the  surf  zone  acts 
as  a radiating  line  source  which  returns  approximately  one  percent  of 
the  incoming  wave  energy  in  the  form  of  two  to  four  minute  period  waves 
which  he  termed  "surf  beat".  Williams  and  Isaacs  (l9!?2)  and  Isaacs,  et 
al.  (1951)  describe  processes  by  which  the  seaward  moving  surf  beat 
wave  may  be  refracted  and  reflected,  thus  resulting  in  offshore  regions 
of  wave  convergence  and  reinforcement.  Their  work  suggests  that  Scripps 
and  La  Jolla  submarine  canyons  may  result  in  convergence  of  surf  beat 
along  the  outer  portions  of  the  intercanyon  shelf  (Williams  and  Isaacs, 
19^2,  figure  1*).  A convergence  of  this  type  may  be  the  reason  for  the 
relatively  coarse  sediments  and  the  anomalies  in  sediment  distribution 
which  are  found  in  this  area  (for  example,  figures  11*,  16,  17,  and  21). 

Exposure  to  Waves 

In  an  investigation  of  the  seasonal  variations  in  nearshore  sediments 
it  is  useful  to  know  the  direction  and  type  of  waves  to  vhich  the  area  is 
subjected,  the  percentage  of  time  that  it  is  exposed  to  each  type,  and 
the  effect  of  nearshore  bottom  topography  in  refracting  waves.  A 
statistical  study  of  the  s easonal  character  of  waves  approaching  the  La 
Jolla  area  from  deep  water  has  been  made  by  the  Scripps  Institution  of 
Oceanography  (191*7),  and  a detailed  investigation  of  the  effects  on  wave 
refraction  of  the  irregular  bottom  topography  in  this  area  was  made  by 
Munk  and  Traylor  (191*7).  In  addition,  the  significant  wave  height, 
period,  and  direction  of  approach  were  observed  daily  throughout  the 
period  of  these  sediment  surveys,  and  the  details  of  these  observations 
are  published  with  the  report  of  sand  level  changes  (Shepard  and  Inman, 
1951b) . 
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During  the  summer  months  of  the  observational  period,  30  June  to 
5 October  191$,  the  waves  had  a mean  breaker  height  at  Station  B 
(figure  2)  of  approximately  3 feet,  and  were  characterized  by  two  pre- 
dominant wave  types:  (a)  Waves  with  periods  of  7 to  9 seconds  approach- 
ing from  a westerly  direction,  and  (b)  waves  with  periods  of  13  to  17 
seconds  approaching  from  a southerly  direction.  These  two  types  occurred 
with  approximately  equal  abundance  during  the  earlier  part  of  the 
summer,  with  the  latter  type  becoming  more  abundant  during  late  summer 
(figure  3). 

The  fall,  winter,  and  spring  waves,  5 October  19U9  to  10  May  1950, 
showed  a much  greater  scatter  in  wave  height,  period,  and  direction  of 
approach.  The  mean  winter  breaker  height  was  higher  than  for  summer 
breakers,  averaging  about  5 feet,  and  there  was  a greater  abundance  of 
waves  from  a northwesterly  direction.  Perhaps  more  important  than  the 
increase  in  average  seasonal  breaker  height  was  the  occasional  occurrence 
of  days  having  average  breaker  heights  over  12  feet  during  winter  storms, 
in  contrast  to  the  maximum  of  6 | feet  which  occurred  for  only  one  day 
during  the  summer  months. 

Currents 


There  appear  to  be  at  least  two  interrelated  current  systems  which 
prevail  in  nearshore  environments  (Shepard  and  Inman,  1950  and  1951a); 

(1)  The  coastal  currents  which  flow  roughly  parallel  to  the  shore 
and  constitute  a relatively  uniform  drift  in  the  deeper  water  adjacent 
to  the  surf  zone.  These  currents  may  be  tidal  currents,  transient  wind- 
driven  currents,  or  currents  associated  with  the  distribution  of  mass 

in  local  waters. 

(2)  A nearshore  system  which  may  be  superimposed  on  the  inner 
portion  of  the  coastal  current  or  in  the  absence  of  a coastal  current  may 
exist  independently.  The  nearshore  system  is  associated  with  wave  action 
in  and  near  the  breaker  zone  and  consists  of:  (a)  shoreward  mass  transport 
of  water  due  to  wave  motion,  which  carries  water  through  the  breaker  zone 
in  the  direction  of  wave  propagation,  (b)  movement  of  this  water  parallel 
to  the  beach  as  longshore  currents,  (c)  seaward  return  flows  such  as 

flow  along  concentrated  lanes  known  as  rip  currents,  and  (d)  longshore 
movement  of  the  expanding  head  of  the  rip  current  outside  of  the  breaker 
zone.  There  are  processes  other  than  rip  currents  by  which  water  is  re- 
turned seaward.  Measurements  show  that  a net  seaward  drift  exists  along 
the  bottom  inside  of  the  breaker  zone,  while  a shoreward  movement  of 
water  occurs  near  the  surface  (Inman  and  Quinn,  1952). 

The  shoreward  mass  transport  of  water  by  waves  occurs  principally 
in  wide  lanes  between  rip  currents.  As  a result,  the  surface  circulation 
pattern  takes  the  form  of  an  eddy  or  cell  with  a vertical  axis.  The 
positions  of  the  onshore  transport  and  seaward  return,  or  rip  currents, 
are  dependent  on  submarine  topography,  configuration  of  the  shore  line. 
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RELATION  OF  WAVE  PARAMETERS 

DIAGRAMS  SHOW  RELATION  BETWEEN  BREAKER  HEIGHT  AT  STATION  *B*. 
WAVE'  PERIOO,  AND  DIRECTION  FROM  WHICH  DEEP  WATER  WAVES  APPROACH 
THE  AREA.  OAILY  MAJOR  WAVE  TRAINS  ARE  INDICATED  BY  *X',  MINOR 
trains  BY  ‘O'.  FROM  SHEPARD  AND  INMAN.  1981  b. 

FIGURE  3 
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and  height,  period  and  direction  of  the  waves.  The  direction  of  the 
longshore  current  is  primarily  dependent  on  (a)  the  direction  of  approach 
of  the  breaking  waves,  and  (b)  the  gradation  in  breaker  height  along 
the  beach.  The  principle  explaining  the  first  case  is  that  the  momentum 
of  the  breaking  wave  transports  water  in  the  direction  of  breaking.  In 
the  second  case,  higher  waves  transport  more  water  shoreward  than  low 
waves,  and  hence  longshore  currents  commonly  flow  away  from  the  zones 
of  highest  waves. 

The  complex  canyon  and  shelf  topography  off  Scripps  Beach  has  a 
marked  influence  on  the  nearshore  current  system,  particularly  for 
long  period  waves  which  "feel  bottom"  in  deeper  water  and  hence  are  more 
influenced  by  topography.  In  the  case  of  swell  having  a period  of 
approximately  ten  seconds  or  greater,  the  topography  results  in  a great 
contrast  of  breaker  height  along  the  beach.  The  waves  diverge  over  the 
submarine  canyons  and  converge  on  the  intercanyon  shelf,  causing  high 
waves  at  the  convergence  near  beach  stations  C and  D and  low  waves 
opposite  the  canyon  heads  at  stations  F,  G,  H,  S and  V. 

The  higher  waves  at  the  convergence  cause  more  water  to  be  trans- 
ported shoreward  at  that  point,  which  results  in  a neutral  or  divergent 
current  at  the  wave  convergence  and  longshore  currents  flowing  to  the 
north  and  to  the  south  away  from  the  convergence  zone  (figure  U).  The 
longshore  currents  turn  seaward  as  rip  currents  at  varying  distances 
from  the  wave  convergence  zone.  Outside  of  the  breaker  zone  the  rip 
currents  merge  with  the  coastal  current,  and  in  cases  where  the  coastal 
current  flows  towards  the  wave  convergence,  the  circulation  pattern  is 
a complete  circuit  (figure  li,  station  C). 

In  the  case  of  long  period  waves  the  direction  of  deep  water  wave 
approach  does  not  appear  to  be  an  important  factor  in  determining  the 
generalities  of  the  circulation  pattern.  On  the  other  hand,  the  topography 
causes  less  refraction  for  short  period  waves,  so  that  the  shorter  the 
wave  period  the  more  important  direction  of  wave  approach  becomes  in 
determining  the  direction  of  flow  of  longshore  currents.  Waves  with 
periods  of  8 seconds  or  less  that  approach  this  area  from  the  northwest 
or  from  south  of  west-southwest  cause  longshore  currents  to  flow  in  the 
same  direction,  south  or’  north  as  the  case  may  be,  for  the  entire  length 
of  Scripps  Beach  (Shepard  and  Inman,  19$0,  figures  7 and  8). 

In  general  the  long  period  type  of  circulation  prevails  throughout 
the  summer  months  in  response  to  the  13  to  20  second  waves  from  the 
southwest.  Even  the  short  period  waves  of  summer  tend  to  maintain  this 
circulation  pattern  because  they  usually  approach  from  the  west  and 
therefore  do  not  develop  large  breaker  angles  with  the  beach.  The  greater 
abundance  of  short  period  waves  during  the  winter  months,  particularly 
from  the  northwest,  resulted  in  a less  stable  overall  circulation  pattern, 
but  a greater  abundance  of  days  when  the  longshore  components  of  the 
currents  were  unidirectional  for  the  entire  length  of  the  beach. 
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Thus,  the  seasonal  variations  in  the  direction  of  approach,  period, 
and  height  of  waves,  results  not  only  in  seasonal  variations  in  tiie 
nature  and  rigor  of  wave  action,  but  also  results  in  seasonal  tendencies 
in  the  nearshore  current  system  associated  with  the  waves.  It  is  pro- 
bable that  the  longer  period  waves  and  surges  such  as  "surf  beat"  also 
have  seasonal  tendencies  that  are  important  to  nearshore  sedimentation. 

Sand  Level  Changes 

Sand  level  changes  along  the  beach  and  Intercanyon  shelf  were 
determined  by  repeated  surveys  run  along  ranges  A through  H.  The  off- 
shore portion  of  the  ranges  were  surveyed  by  an  amphibious  vehicle  (DUKW) 
equipped  with  a large-scale  echo  sounding  device,  and  the  inshore  portion 
by  running  a line  of  levels  from  a leveling  rod  mounted  on  the  DUKW  to 
a beach  transit  station.  Eight  such  surveys  were  made  between  April  19U9 
and  May  1950  and  the  data  published  in  the  form  of  isopleth  maps  showing 
the  changes  in  sand  level  between  successive  surveys  (Shepard  and  Inman 
1951b). 

The  surveys  showed  that  the  greatest  seasonal  changes  in  sand  level 
occurred  between  the  beach  and  depths  of  approximately  30  feet,  but  that 
measurable  changes  probably  extended  to  greater  depths.  In  general, 
the  beach  and  shallow  water  changes  appear  to  be  related  to  the  character 
of  the  waves  between  each  survey  period.  During  the  sunnier  months  of 
June,  July,  and  August  when  the  waves  were  characteristically  low  and  of 
long  period,  sand  was  deposited  on  the  beach,  causing  the  beach  foreshore 
to  build  seaward  and  in  general  to  become  steeper.  The  fill  along  the 
beaches  was  accompanied  by  deepening  in  an  area  roughly  parallel  to  the 
shore  and  averaging  between  $00  and  1000  feet  offshore  from  the  beach 
stations.  The  offshore  deepening  was  most  conspicuous  in  two  areas  to 
either  side  of  the  wave  convergence  zone  approximately  off  stations  B to 
C and  E to  F (see  figure  5).  The  beach  fill  was  most  pronounced  at  station 
D where  it  amounted  to  a foot  or  more  per  month  during  the  first  few 
weeks  of  low  summer  waves.  Once  the  beach  became  adjusted  to  summer 
wave  conditions  the  changes  in  sand  level  were  less  pronounced,  although 
the  tendency  was  for  the  beaches  to  build  somewhat  throughout  the  summer. 

The  first  large  waves  in  the  fall  produced  a general  cutting  back 
of  the  beach  foreshore  to  a depth  of  several  feet  or  more.  The  material 
eroded  from  the  foreshore  was  deposited  in  a band  outside  of  and  parallel 
to  the  surf  zone,  with  the  most  marked  fill  occurring  in  the  two  zones  on 
either  side  of  the  convergence  where  the  summer  deepening  was  greatest. 

The  most  pronounced  cut  occurred  near  the  wave  convergence  at  Station  D 
where  the  greatest  summer  fill  took  place.  As  soon  as  the  shallow  area 
and  the  beach  became  adjusted  to  the  larger  waves  of  winter,  additional 
cutting  became  minor,  although  there  was  lateral  shifting  of  sand  along 
the  foreshore  in  response  to  the  direction  of  wave  approach.  In  general 
the  beaches  continued  to  erode  somewhat  throughout  the  winter  and  spring 
so  that  the  beaches  were  most  denuded  in  April  and  May.  The  small  waves 
of  summer  resulted  in  a return  of  sand  to  the  beach  and  shallow  water 
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FIGURE 


area,  thus  completing  the  seasonal  beach  cycle. 

The  effects  of  a winter  storm  accompanied  by  high  waves  and  wind 
from  the  northwest  are  shown  in  the  isopleth  map  of  the  30  December  19149 
to  3 January  19$0  sand  level  surveys  (figure  6).  The  most  noticeable 
change  in  the  beach  was  a longshore  transportation  of  sand  towards  the 
south  by  the  strong  longshore  currents,  and  the  deposition  of  this  load 
along  the, southerly  portion  of  the  beach  from  station  G through  H,  where 
the  waves  were  somewhat  lower  and  the  currents  weaker*  The  storm  resulted 
in  a general  smoothing  of  the  beach  profile.  The  beach  berm  and  long- 
shore bars  and  troughs  that  formed  during  the  lower  waves  preceding  the 
storm  were  eliminated  (figure  6,  insert),  and  the  slope  of  the  beach  fore- 
shore reduced.  The  small  amount  of  cut  along  the  beach  is  perhaps  under- 
standable in  view  of  the  series  of  large  waves  that  occurred  in  the  months 
preceding  this  storm.  These  large  waves  had  presumably  brought  the 
beach  somewhat  into  equilibrium  with  large  wave  conditions.  The  high 
storm  waves  caused  a decrease  in  beach  foreshore  slope  at  stations  P,  B, 

C,  and  D where  deposition  was  confined  to  filling  in  depressions  of  pre- 
vious longshore  troughs,  and  the  dominant  change  was  erosion.  To  the 
south  at  stations  E,  F,  and  G the  combination  of  high  waves  and  longshore 
fill  resulted  in  building  of  the  beach  and  preservation  of  the  slopes 
existing  before  the  storm,  while  erosion  of  the  foreshore  and  deposition 
offshore  caused  a minimum  slope  of  1,3  degrees  at  station  H.  Before  the 
storm  there  was  a marked  variation  in  the  grain  size  of  the  beach  material 
following  the  storm  there  was  little  change  in  grain  size  from  one  end  of 
the  beach  to  the  other. 

The  storm  apparently  produced  changes  in  the  sand  level  on  the 
intercanyon  shelf  which  resembled  the  beach  changes  in  that  there  was 
deepening  along  the  north  portions  of  the  shelf  and  deposition  to  the 
south.  This  suggests  that  the  waves  or  the  currents  set  up  by  the 
waves  and  wind  of  a storm  of  this  type  are  effective  in  producing  shifts 
of  sediment  on  the  sandy  shelf.  A considerable  portion  of  the  sediments 
were  presumably  washed  into  the  canyore  aid  therefore  lost  to  the  area. 

Whle  there  are  cycles  of  beach  cut  and  fill  throughout  the  summer 
and  winter  in  response  to  changes  in  waves  and  tides,  the  seasonal  cycle 
described  above  is  the  most  pronounced.  The  seasonal  cycle  is  also 
reflected  in  the  size  of  the  sand  and  the  slope  of  the  beach  foreshore. 
Both  can  change  rapidly,  and  in  a rather  complex  manner,  as  discussed 
above  for  storm  conditions  (figure  6). 

Since  the  slope  is  dependent  upon  the  sand  size  as  well  as  other 
factors,  the  seasonal  variation  in  both  can  best  be  shown  where  beach 
slope  is  plotted  as  a function  of  sand  size,  and  the  individual  observa- 
tions for  summer  and  winter  are  indicated  by  different  symbols.  Such  a 
plot  for  Scripps  Beach  (figure  7)  shows  that  on  the  average  the  beach 
foreshore  slopes  are  less  during  winter  months  than  for  summer  even  though 
there  is  a tendency  for  the  sand  to  be  coarser-grained  during  the  winter. 
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Figure  7.  Relation  between  sand  size  and  beach  foreshore  slope  for 
summer  and  inter  conditions.  Sands  with  median  diameters  between  2 
and  3 phi  are  from  the  repeated  range  stations,  principally  along 
Scripps  Beach,  while  those  with  medians  between  0 and  1 phi  are  from 
the  supplementary  stations  on  the  Point  La  Jolla  Pocket  Beaches.  The 
supplement-' ry  stations  were  not  sampled  during  the  surrmer  months.  Data 
for' this  figure  are  listed  in  apuendlx  III. 
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FIELD  AND  LABORATORY  WORK 


Five  series  of  sediment  smples  were  collected  from  Scripps  Beach 
and  the  adjacent  intercanyon  shelf  on  dates  as  close  as  possible  to  the 
sand  level  surveys  and  along  the  same  ranges.  The  sampling  was  performed 
at  intervals  of  approximately  two  and  one-half  months,  a series  being 
taken  during  each  of  the  following  periods:  (a)  30  June  - 1 July  1949 

(early  summer),  b)  24-26  August  1949  (mid-summer),  (c)  17-1&  November 

1949  (early  winter),  (d)  15-16  March  1950  (late  winter),  (e)  9-11  May 

1950  (late  spring). 

Each  series  consisted  of  an  average  of  86  sanples  from  an  area 
of  approximately  two  million  square  yards  on  the  beach  and  inter-canyon 
shelf  along  ranges  A through  H,  P and  R,  with  an  average  of  twenty 
additional  samples  from  ranges  I,  S,  U,  and  V situated  to  either  side 
and  at  the  heads  of  the  canyons.  The  samples  in  these  series  have  been 
designated  as  "repeated  range  samples,"  and  their  location  is  given  by 
numerals  preceded  by  a letter.  The  letter  represents  the  range  and  the 
numbers  indicate  the  distance  offshore  from  the  base  of  the  range  in 
thousands  of  feet.  Thus  D 1.50  designates  a station  on  D range  which  is 
1,500  feet  seaward  from  the  beach  (figure  2). 

As  an  aid  in  collocating  the  data  from  the  analysis  of  the  repeated 
samples,  each  series  is  listed  in  chronological  order  in  appendices  IA 
through  IE,  and  within  each  series  the  samples  are  listed  alphabetically 
by  range  and  distance  from  shore.  A short  series  taken  along  D range 
in  July  1951 , a year  after  the  other  series,  is  included  as  appendix  IF. 

In  addition  to  the  repeated  sanples,  approximately  100  supplementary 
sanples  were  obtained  to  the  north  and  south  of  the  area.  The  supple- 
mentary sample  stations  are  designated  by  letter-number  symbols  in  which 
the  letter  indicates  the  general  location:  L for  the  shelf  around  Point 
La  Jolla,  LB  for  the  pocket  beaches  on  the  Point,  LC  for  La  Jolla  Sub- 
marine Canyon,  SC  for  Scripps  Canyon,  T for  the  shelf  north  of  Scripps 
Canyon,  and  TB  for  the  beaches  to  the  north.  The  station  locations  are 
shown  in  figures  1 and  2 and  the  data  listed  in  appendix  II. 

Field  Methods 


Beach  samples  were  obtained  by  pressing  a glass  sample  jar  into 
the  surface  of  the  sand.  This  method  gave  a uniform  sample  about  five 
centimeters  in  diameter  and  four  centimeters  deep.  Scripps  Beach  samples 
were  usually  taken  during  the  sand  level  surveys  so  that  the  beach  fore- 
shore slope  could  be  ascertained  from  the  beach  profile.  At  least  one 
sample  on  each  range  was  taken  from  the  beach  foreshore  at  about  four  or 
five  feet  above  mean  lower  low  water.  This  corresponds  to  the  beach 
"reference  zone"  suggested  for  the  standardization  of  beach  sample  locations 
by  Bascom  (I95l)»  Sand  sizes  and  beach  foreshore  slopes  are  listed  in 
appendix  III  and  plotted  In  figures  6 and  7* 

The  offshore  samples  were  obtained  with  the  La  Fond-Dietz  (1948) 
snapper- type  bottom  sampler,  which  retains  about  200  grams  of  sample  and 
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usually  does  not  penetrate  more  than  about  5 centimeters  into  a sandy 
bottom.  The  jaws  of  the  sampler  were  taped  with  foam  rubber  to  insure 
a water-tight  fit  and  thus  avoid  washing  the  sample  on  the  way  to  the 
surface.  The  snapper-type  sampler  was  used  because  the  sediment  study 
was  primarily  concerned  with  the  distribution  of  the  surface  sediments. 

The  location  of  the  offshore  stations  for  the  repeated  range  samples 
was  determined  by  a system  of  visual  ranges  and  cross  ranges,  checked 
occasionally  by  multiple  sextant  angles  (Shepard  and  Inman,  195lb).  The 
DUKW  moved  along  the  range  until  it  neared  the  cross  range,  at  which 
time  the  engines  were  reversed  and  the  DUKW  maneuvered  into  position. 

The  sample  was  obtained  at  the  intersection  of  the  range  and  cross  range. 
The  majority  of  the  supplementary  samples  were  taken  from  the  research 
vessel,  E,  W.  Scrlpps,  and  their  position  determined  from  multiple 
sextant  angles  between  fixed  shore  stations. 

Laboratory  Procedure 

Because  the  emphasis  of  the  study  was  on  particle-size  distribution 
hydraulic  or  sieve  size  or  both  were  determined  for  every  sample.  In 
addition,  analyses  of  heavy  minerals,  carbonate  content,  mica,  and  round- 
ness were  made  in  cases  where  they  seemed  to  be  of  most  value.  The  general 
laboratory  procedure  was  as  follows. 

Saidy  sediments  with  no  silt  or  clay  content  were  first  washed  to 
remove  salt,  then  dried  at  60°C , mixed  with  a rubber  pestle  and  then 
split  into  several  portions  with  a Jones-type  splitter.  Successively 
smaller  splits  were  made  with  the  Otto  microsplit  (Otto,  1937).  Approx- 
imately 50  grams  were  set  aside  for  grain-size  analysis,  and  three  19 
gram  splits  for  total  heavy  minerals,  carbonate  and  mica  contents.  In 
the  relatively  few  cases  where  silt  and  clay  were  present,  the  split 
for  grain-size  analysis  was  wet-sieved  through  a l/l6  mm.  mesh  and  the  fine 
fraction  analyzed  by  the  pipette  method. 

A rough  measure  of  the  amount  of  platey  or  disk-shaped  material  in 
the  samples  was  obtained  by  counting  the  number  of  micaceous  grains  in 
the  sand-size  fraction  of  the  samples.  The  percentage  of  mica  is  based 
on  counts  of  between  50  and  100  grains  made  under  the  binocular  micro- 
scope. Host  of  the  micaceous  material  was  biotite,  with  minor  amounts 
of  muscovite  and  other  platey  minerals.  During  the  mica  counts  the  samples 
were  subjected  to  a preliminary  visual  examination  for  such  things  as 
heavy  minerals,  shell  content,  organic  content,  and  so  forth. 

Light  and  heavy  mineral  separations  were  made  with  broraoform,  Whose 
specific  gravity  was  maintained  between  2.82  and  2.81*.  In  most  cases 
the  separation  was  made  on  a split  of  the  total  sample.  However,  in 
cases  where  the  size  distributions  of  the  individual  minerals  were  re- 
quired the  sample  was  first  sieved  and  the  separation  performed  on  each 
size  fraction.  The  heavy  minerals  were  mounted  in  Aroclor  1*46$,  then 
counted  (at  least  300  per  size  fraction),  and  the  counts  converted  to 
weight -size  percentage  distribution  in  the  general  method  outlined  by 
Rittenhouse  (191*3). 
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A measure  of  the  carbonate  content  was  obtained  by  digesting  a 
split  of  the  total  sample  in  dilute  (3N)  hydrochloric  acid,  then  filter- 
ing off  the  liquid  and  drying  the  weighing  the  insoluble  residue.  The 
percentage  decrease  in  weight  when  subjected  to  this  procedure  was  used 
as  a measure  of  carbonate  content. 

Roundness  of  the  quartz  grains  in  selected  samples  was  determined 
by  a method  of  visual  comparison.  After  sieving  the  sample  each  size 
fraction  was  split  into  amounts  of  approximately  one  gram  with  the  Otto 
microsplit,  widely  distributed  on  a counting  tray  and  placed  under  a bino- 
cular microscope.  About  60  grains  were  chosen  at  random,  and  compared 
with  the  ten  roundness  classes  in  K rumba in' s (l9Ul,  plate  l)  visual 
roundness  chart.  The  roundness  of  each  grain  was  estimated  and  the  average 
roundness  of  the  size  fraction  computed.  To  place  the  measurements  of 
the  various  size  fractions  on  the  same  basis,  each  was  magnified  so  that 
the  grain  images  were  approximately  the  same  size.  This  method  of  determin- 
ing roundness  is  very  rapid,  and  while  not  as  accurate  as  the  more 
rigorous  methods  described  by  Wadell  (1932,  1935),  it  appears  to  give 
reproducible  results. 

Particle-aiae  Analysis 

The  geometric  size  distribution  was  obtained  by  shaking  the  sand 
size  material  through  a nest  of  sieves  for  ten  minutes  with  a Porter 
sand  shaker  (Braun  Corp.  #97^00) . The  Emery  (1938)  settling  tube  was 
used  to  determine  the  distribution  of  hydraulic  sizes.  In  either  case, 
material  finer  than  l/l6  mm.  was  measured  by  the  pipette  method 
(Krumbein  and  Pettijohn,  1938),  which  also  gives  data  in  terms  of  hydraulic 
values.  The  hydraulic  diameter  is  the  diameter  of  a quartz  Bphere  having 
the  same  settling  velocity  as  a given  particle  in  distilled  water  at  the 
same  temperature,  and  more  particularly,  in  this  report,  its  value  is 
understood  to  be  that  obtained  by  the  Emery  settling  tube  or  the  pipette 
method.  The  hydraulic  diameter  is  used  in  place  of  settling  velocity 
because  it  is  more  readily  comparable  with  geometric  size  as  obtaLned  by 
sieving. 

If  fine  material  was  present,  the  test  sample  was  soaked  overnight 
in  a peptizing  solution  of  .02$  N sodium  hexaraetaphosphate.l/  It  was 
then  vet-sieved  through  a l/l6  ram  (U^)  screen  into  a 1000  ml.  graduate 
cylinder,  and  the  size  distribution  of  the  fine  fraction  determined  by 
the  pipette  method. 
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1 / The  peptizing  agent  consisted  of  2.55  grams  of  (NaP03)£  per  liter  of 
distilled  water. 


The  Emery  (1938)'  settling  tube  is  a 16U  cm.  long  tube,  with  one 
end  tapered  axvl  connected  with  a stopcock.  The  tube  is  filled  with 
water  and  sand  introduced  at  the  top  and  allowed  to  settle,  and  the 
cumulative  volume  of  material  read  from  the  graduations  on  the  tapered 
end  of  the  tube  as  a function  of  time.  The  details  of  the  analysis 
procedure  are  given  in  the  report  by  Poole,  et  al.  (19£U. 

While  results  from  the  Emery  settling  tube  are  reproducible  (Poole, 
et  al.,  19£l)»  there  are  nevertheless  inherent  properties  of  the  tube 
such  as  shape  of  the  tapered  end  and  method  of  introducing  the  sample, 
that  cause  the  results  to  depart  somewhat  from  true  settling  velocities. 
This  is  borne  out  by  the  fact,  as  mentioned  by  Emery  (1938),  that  the 
time  for  a given  size  of  quartz  grains  to  settle  the  length  of  the  tube 
is  less  than  that  calculated  from  theory  for  individual  grains.  It  is 
possible  that  this  discrepancy  is  due  to  the  formation  of  a slight  density 
current  when  the  sample  is  introduced,  causing  the  initial  settling 
velocity  to  be  that  of  the  entire  sample  rather  than  of  individual  grains. 
However,  the  data  from  the  tube  are  reproducible,  the  method  is  rapid, 
and,  as  will  be  shown  later,  the  characteristics  of  the  hydraulic-size 
distributions  obtained  with  the  settling  tube  are  more  meaningful  in 
certain  aspects  of  sedimentation  than  those  obtained  by  sieving. 

The  combination  of  settling  tube  and  pipette  data  into  a single 
cumulative  frequency  curve,  for  the  case  of  samples  containing  both 
coarse  and  fine  material,  is  simplified  because  both  analysis  procedures 
give  hydraulic  sizes.  However,  separation  of  the  sample  into  the  two 
portions  for  settling  tube  and  pipette  analysis  by  wet-sieving  is  on 
a badis  of  geometric  size.  Therefore,  heavy  minerals  slightly  less  than 
l/l6  mm.  in  diameter  which  settle  with  the  velocity  of  sand  size  quartz 
spheres,  will  be  washed  through  the  sieve  and  included  in  the  silt  size 
material  for  pipette  analysis.  Some  platey  material  and  light  minerals 
remaining  in  the  sand  size  fraction  may  have  settling  velocities  in  the 
silt  range.  Incomplete  separation  may  also  cause  silt  size  particles  to 
remain  in  the  sand  fraction. 

Corrections  for  these  discrepancies  are  made  by  adjusting  the 
cumulative  frequency  curve.  Particle  size  is  expressed  in  the 
Logarithmic  phi  scale  of  Krumbein  (1936),  where  3,  h and  $ in  the  ^ 
notation  (figure  8)  correspond  to  1/8,  l/l6  and  l/32  mm.  respectively. 
Figure  9 shows  a sample  containing  material  which  is  8$^  coarser  than 
krf  by  wet-sieving.  The  settling  tube  data  show  that  only  J2%  of  the 
sample  has  hydraulic  values  coarser  than  UJ,  and  that  13?/S  is  finer 
than  kfi  . Interpolation  of  the  settling  tube  data  aleo  shows  that 
was  finer  than  U.3^,  the  diameter  value  at  which  the  first  pipette  ob- 
servation was  made.  Since  this  is  a cumulative  percent  "coarser  than" 
curve,  the  value  of  the  first  pipette  plot  at  i*.#  must  be  decreased  by 


The  pipette  method  does  not  necessarily  give  a measure  of  the  amount 
of  material  in  the  pipette  portion  that  settles  with  hydraulic  values  in 
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the  sand  fraction.  However,  the  above  reasoning  indicates  that  if  heavy 
minerals  near  ii^  are  present,  then  the  settling  tube  plot  at  UJ  should 
be  increased  somewhat.  As  shown  in  figure  9 this  method  of  fitting  the 
cumulative  curve  to  the  combined  settling  tube  - pipette  data  results  in 
a smooth  curve.  Since  sieve  and  pipette  data  are  not  compatible,  no 
such  system  can  be  evolved  for  fitting  curves  to  their  combined  data. 

Measures  of  Size  Distribution 


Because  a logarithimic  diameter  scale  is  more  convenient  in  de- 
picting the  statistical  relations  of  sediments,  the  phi  notation  of 
Krumbein  (1936) , where  ^ ■ log2  of  the  diameter  in  millimeters,  is  used 
in  this  paper.  A conversion  chart  from  millimeters  to  phi  units  is  given 
in  figure  8. 


The  results  of  the  particle -size  analysis  were  converted  to  percentages 
and  plotted  as  cumulative  frequency  curves  on  arithmetic  probability 
paper  (Hazen,  19iU ) . The  particle-size  distributions  of  the  sediments 
were  then  expressed  in  terms  of  phi  measures  (Inman,  1952)  that  serve 
as  approximate  graphic  analogies  to  the  moment  measures  commonly  employed 
in  statistics.  These  parameters  include  a measure  of  the  median  diameter, 
standard  deviation,  kurtosis,  and  two  measures  of  skewness,  the  second 
being  sensitive  to  skew  properties  of  the  "tails"  of  the  sediment  distri- 
bution. They  are  computed  from  five  percentile  diameters  obtained  from 
the  cumulative  size -frequency  curve  of  the  sediment  and  are  defined  as 
follows : 


1. 


2. 

3. 


Phi  median  diameter, 
Phi  deviation  measure. 
Phi  skewness  measure, 


Md^  - #0 

= * (^8U  " ^l6} 
cr / 


1*.  2nd  Phi  skewness  measure, 


iff 


5.  Phi  kurtosis  measure, 


1(^95  - 

- 


where  = |(^i6  + is  ****  phi  1,16811  diaraeter»  ^ i6>  ^$0>  hk> 

and  ^5  are  the  diameters  in  phi  units  corresponding  to  the  5th,  l6th, 

50th,  81*th,  and  95th  percentiles  respectively  of  a cumulative  percent 
(coarser)  curve. 
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Prom  the  five  descriptive  measures  it  is  possible  to  confute  the 
five  percentile  diameters  in  the  following  manner. 

6.  - ci  + c<f>  (cig^  - Pff) 

*^l6  ■ - o#  + (off  aj) 

8.  iSQ-n4 

9 . ^ + oi  +(of!  off) 

10.  - Mty  + o^  + oi  (<i2j  + p 

The  phi  median  diameter  is  a measure  of  central  tendency.  It  was 
used  in  this  study  in  preference  to  the  mean  because  it  may  be  obtained 
directly  from  the  cumulative  curve  without  interpolation  and  because  it 
is  less  influenced  by  extreme  values  of  skewness  than  the  mean.  The  phi 
deviation  measure,  o / , is  a measure  of  sorting  or  spread  and  is  approx- 
imately equal  to  the*8 standard  deviation  of  statistics  (Inman,  1952). 

Since  one  phi  unit  is  equivalent  to ! one  Wentworth  division,  the  phi 
deviation  measure  gives  the  standard' deviation  of  the  curve  in  terms  of 
Wentworth  units. 

In  a symmetrical  distribution  the  mean  and  the  median  coincide,  but 
if  the  distribution  is  skewed  the  me  a*  departs  from  the  median,  and  the 
extent  of  this  departure  is  a measure  of  skewness.  The  phi  skewness, 
a / , gives  the  departure  of  the  mean  from  the  median  in  terms  of  the  phi 
deviation  measure,  and  is  therefore  a dimensionless  measure  of  skewness, 
independent  of  the  spread  or  deviation  of  the  distribution. 

The  phi  skewness  measure  is  zero  for  a symmetrical  size  distribution. 

If  the  distribution  is  skewed  towards  smaller  phi  values  (coarser  diameters), 
the  phi  mean  is  numerically  less  than  the  median  and  the  skewness  is 
negative.  Conversely,  0/  , is  positive  for  a distribution  skewed  towards 
higher  phi  values.  This  measure  of  skewness  is  related  to  the  moment 
skewness,  ay  of  statistics  by  the  approximate  relationship,  ■ 6 cy. 

Tte  secondary  skewness,  anJ  , has  the  same  form  as  the  primary  skew- 
ness, only  it  is  based  on  the  5t In,  50th  and  95th  percentile  diameters. 

While  the  primary  skewness  is  sensitive  to  skew  properties  occurrihg  in 
the  bulk  of  the  particle-size  distribution,  the  secondary  skewness  is 
most  sensitive  to  the  distribution  within  the  tails  of  the  sediment.  Also, 
o 0j,  serves  as  a check  on  the  continuity  of  skewness  indicated  by  a / , 
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and  the  inclusion  of  the  second  skewness,  together  with  the  other  measures, 
allows  five  significant  points  ^ni  , and  of  the 

cumulative  curve  of  a sediment  distrioutionuto  oe  obtained  from  the  phi 
measures  without  resort  to  the  original  mechanical  analysis  of  the  dis- 
tribution. 


The  phi  kurtosis  measure,  p /,  is  a parameter  sensitive  to  the  re- 
lative lengths  of  the  tails  of  a^distribution  compared  with  the  spread 
of  the  central  portion,  and  is  thus  a Treasure  of  peakedness#  This  measure 
may  be  thought  of  as  the  ratio  of  the  average  spread  in  the  tails  of  a 
distribution,  that  is  the  average  value  of  **  - H and  ^ to 

the  phi  deviation  measure,  cy.  For  a normal  distribution  (J ^ has  a value 

of  0,65,  If  the  tails  have  a greater  spread  than  in  the  case  of  a normal 


curve,  p / is  greater  than  0,65.  Conversely  lower  values  of  ffw  indicate 


that  the  tails  have  less  spread  than  for  a normal  curve  with  the  same 
deviation  measure.  The  limitations  and  the  departure  of  the  graphic  phi 
measures  from  their  moment  equivalents  is  discussed  by  Inman  (1952). 


Comparison  of  Sieve  and  Settling  Tube  Data. 

The  results  of  the  p article- sizre  distributions  obtained  by  sieve 
and  Emery  settling  tube  were  compared  for  lM  sanples.  The  data  is  listed 
in  appendix  I and  II;  only  samples  with  known  amounts  of  heavy  minerals 
and  micaceous  material  were  compared.  The  relations  between  the  phi 
median  diameters  and  phi  deviation  measures  are  shown  in  figures  10  and  11, 
and  a summary  of  all  the  comparisons  given  in  table  1. 


The  data  has  been  divided  into  several  groups  depending  on  the  amounts 
of  heavy  minerals  and  mdea,  and  the  size  of  the  material.  In  general, 
it  was  found  that  the  content  of  heavy  minerals  or  micaceous  material  must 
be  15#  or  more  before  its  influence  was  noticeable  in  comparisons  of 
sieve  and  settling  tube  data.  There  is  a consistent  tendency  for  the  phi 
mean  and  median  diameters  obtained  by  settling  tube  to  be  finer  (higher 
phi  values)  than  those  obtained  by  sieving,  except  in  the  case  of  coarse 
sand,  where  hydraulic  and  sieve  sizes  are  approximately  equal.  The  finer 
settling  tube  diameters  may  in  part  result  from  the  non- spherical  shape 
of  the  particles,  because  the  departure  is  greater  for  samples  having  high 
amounts  of  micaceous  material.  However,  in  addition  to  shape  factors,  it 
seems  likely  that  the  difference  in  size  is  also  the  result  of  errors  in 
calibration  of  the  tube. 


With  the  exception  of  the  few  coarse  sand  samples,  the  phi  deviation 
measure,  oj  , is  less  by  Emery  settling  tube  than  by  sieving,  particular- 
ly for  sanples  with  high  concentrations  of  heavy  minerals  and  micaceous 
material.  Since  oj  is  a measure  of  spread  or  sorting,  this  indicates  that 
the  sediment  distribution  is  more  homogeneous  when  considered  in  terms 
of  hydraulic’  rather  than  sieve  size. 
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TABLE  1.  Comparison  of  Sieve  and  Emery  Settling  Tube  Data.  In 

the  notation  below, A indicates  the  mean  difference  in  the  values 
of  phi  mean  diameter  obtained  by  sieve  from  that  obtained  by  set- 
tling tube,  AMd^  is  the  mean  difference  in  median  diameter,  and  so 
forth.  Negative  differences  indicate  that  parameters  obtained  by 
sieve  are  algebraically  greater  than  those  by  settling  tube. 


C.Same  as  A,  except, 
more  than  mica 

7 

+.246^ 

+.236^ 

1 

• 

H 
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*.031 

D.A11  samples  with 
sieve  MdU  between 
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*.124s* 

*.148^ 

-.025s* 

-.096 

E.A11  samples  with 
sieve  MdU  between 
0 and  Ip 

13 
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The  effects  of  heavy  and  micaceous  material  is  also  shown  in  the 
phi  skewness  measure,  a In  most  cases,  the  distribution  based  on 
hydraulic  sizes  is  more  symmetrical  than  that  for  sieve  sizes.  High 
percentages  of  heavy  minerals  cause  the  sieve  distribution  to  be  positive- 
ly skewed,  while  micaceous  material  results  in  negative  skewness.  This 
is  because  heavies  settle  with  velocities  greater  than  their  geometric 
size  would  indicate,  while  mica  settles  slower,  and  because  the  heavies 
are  concentrated  in  the  fine  fraction  of  the  distribution,  while  mica  is 
mostly  found  in  the  coarser  fractions  (see  figures  12  and  l£). 

Field  and  Laboratory  Errors 

In  listing  the  measures  for  describing  the  particle-size  distri- 
bution of  a sediment,  the  intention  is  to  list  parameters  that  represent 
the  si^e  distribution  of  the  material  in  the  bottom  sediments  at  the 
time  of  sampling  and  intended  location  of  sampling.  However,  there  are 
certain  errors  in  obtaining  the  sample  which  arise  from  factors  such  as 
differing  homogeneity  of  :the  bottom  material,  depth  of  penetration  of  the 
sampling  device,  and  from  slight  errors  in  position  due  to  motion  of  jthe 
sampling  vessel  and  deplh  of  water.  In  addition,  there  are  other  errors 
resulting  from  the  technique  and  methods  of  analysis  of  the  sediment  in 
the  laboratory.  In  practice  it  is  convenient  to  combine  all  of  the 
individual  errors  into  two  classes,  the  "field  error"  and  the  "laboratory 
error",  yhich  together  constitute  the  "total  error". 

If  numerous  independent  samples  are  taken  from  a single  station  and 
analyzed,  it  will  be  found  that  each  analysis  differs  somewhat  from  the 
others.  The  best  estimate  of  any  particular  measure  of  sand  size  at  the 
locality  of  sampling  will  be  the  mean  value  of  all  the  observations. 

The  difference  between  any  individual  observation  and  the  mean  of  the 
observations  will  be  the  total  error  for  that  observation.  In  general, 
the  errors  cluster  around  the  arithmetic  mean,  the  number  of  observations 
decreasing  with  increasing . distance  either  side  of  the  mean  value. 

Errors  of  this  type  tend  to  follow  the  normal  distribution  function, 
sometimes  called  the  Gaussian  law  of  error. 

A useful  measure  of  the  reproducibility,  or  magnitude  of  error  to  be 
expected  from  any  given  analysis  is  the  standard  deviation,  a , of  the 
errors.  This  is  defined  as 


o 


I> i - M>2 
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where  M is  the  iriean  value  of  any  given  characteristic  resulting  from  n 
observations  or  samples,  mi  is  the  value  of  each  individual  observation, 
and  n-1  is  used  to  give  an  unbiased  estimate  of  the  standard  deviation 
in  accordance  with  small  sample  theory  (Hoel,  19^7  > p.  129).  For  most 
symmetrical  distributions  approximately  68$  of  the  observations  are  in- 
cluded between  the  values  of  M - o and  M ♦ c . In  terms  of  the  e rror  or 
reproducibility  to  be  expected  in  sampling  and  analyzing  sediments,  this 
means  that  68  out  of  every  100  measurements  of  any  particular  sediment 
characteristic,  m^,  should  fall  within  plus  or  minus  o of  the  true  mean 
value  M. 

In  order  to  evaluate  the  various  errors  in  the  measures  of  size  dis- 
tribution a series  of  12  bottom  samples  was  taken  at  each  of  two  stations 
during  a 2 hour  period.  The  first  series  was  taken  at  station  B1.22  in 
23  feet  of  water  and  the  second  at  station  D2.65  at  a depth  of  5k  feet. 

In  order  that  the  conditions  of  measurement  remain  the  same  for  each 
case,  the  identical  procedure  of  determining  position  by  ranges  and  cross 
ranges,  of  maneuvering  the  DUKW  into  position,  and  sampling  were  carried 
out  for  each  sample.  The  samples  were  treated  in  the  general  manner  out- 
lined by  Krumbein  (193U)  for  evaluating  total  and  laboratory  errors.  Each 
sample  was  dried  and  two  splits  obtained.  One  was  analyzed  directly  in 
the  Emery  settling  tube,  and  the  other  combined  with  similar  splits  of 
other  samples  from  the  same  station  into  a single  composite  sample.  The 
composite  sample  for  each  station  was  then  thoroughly  mixed  and  split  into 
twelve  portions  which  were  analyzed  in  the  settling  tube. 

The  results  of  analyses  of  12  separate  samples  are  subject  to  both 
field  and  laboratory  error  and,  therefore,  the  standard  deviation  result- 
ing from  the  distribution  of  any  particular  characteristic  such  as  the 
phi  median  diameter  would  be  a measure  of  total  error.  On  the  other  hand, 
there  is  no  field  error  involved  in  the  results  of  the  analyses  of  the 
splits  from  the  composite  sample,  since  only  one  sample  and  hence  only 
one  basic  population  is  involved  if  the  composite  iB  completely  mixed. 

In  this  case  the  errors  will  result  from  laboratory  procedures  such  as 
drying,  splitting,  and  the  method  of  analysis  of  the  sample.  Thus  the 
composite  sample  provides  a means  of  evaluating  the  laboratory  error 
independently  from  the  field  error. 

The  total  error  and  the  laboratory  error  for  the  six  measures  of  grain- 
size  distribution  using  the  Emery  settling  tube  as  the  method  of  analysis 
are  listed  in  table  2.  In  addition  to  the  standard  deviation  of  the  errors, 
the  coefficient  of  variation,  C * 100  o/M,  is  also  listed.  This  is  a 
useful  measure  because  it  gives  the  deviation  from  the  mean  of  a 
characteristic  in  terms  of  the  percentage  of  the  mean.  For  example,  at 
station  B 1.22  the  mean  value  of  the  phi  median  diameter  M<y  is  3.16^  , 
and  the  standard  deviation  of  the  total  error  of  the  observation  is 
0.037^  , which  gives  a coefficient  of  variation  of  1.2$.  This  means  that 
the  phi  median  diameters  of  approximately  two-thirds  of  all  s amples 
collected  at  the  station  under  similar  conditions  and  analyzed  under 
similar  conditions  would  fall  within  1.2$  of  the  mean  value  of  all  the 
observations. 
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TABLE  2.  Total  and  laboratory  errors  In  the  measures  of  size  dis- 
tribution of  samples  analyzed  by  the  Emery  Settling  Tube.  Based  on 
12  repeated  samples  from  each  station. 


Station  B 1.22 
Depth  23  feet 

Analysis  of  12  repeated 
Samples 

Analysis  of  Composite 
Samples 

Mean  of 
Samples, 

N 

Total  Error 

Laboratory  Error 

StArt-- 

ard 

Devia- 

tion, 

cr 

Coef.  of 
Variation, 

„ _ 100  (T 

Mean  of 
Compos- 
ites, 

M 

Stan- 

ard 

Devia- 

tion, 

cr 

Coef.  of 
Variation, 

c _ loo cr 

M 

M 

Phi  Mean 
Diameter,  M/ 

3.11/ 

.029/ 

.9* 

3.12/ 

.019/ 

.6% 

Phi  Median 
Diameter,  Md^ 

3.16/ 

.037/ 

1.2 * 

3.16/ 

.018/ 

.6% 

Phi  Devia- 
tion Measure, 

o 1 

.4# 

.015/ 

3.6% 

.42/ 

.005/ 

1.2 % 

Phi  Skewness 
Measure, 

-.10 

.037 

39.0% 

-.09 

.028 

32.2% 

2nd  Phi  Skew- 
ness Measure, 

-.22 

.053 

23.6 % 

-.19 

.016 

8.6% 

Phi  Kurtosis 
Measure, 

.61 

CO 

o 

• 

6.2 % 

.60 

.041 

— 

6.8% 

Station  D 2.65 
Depth  54  feet 

Phi  Mean 
Diameter, 

3.2  4/ 

.025/ 

.8% 

3.25/ 

.023 / 

.7% 

Phi  Median 
Diameter,  Md^ 

3.30/ 

.028/ 

.8% 

3-30/ 

.021/ 

.6% 

Phi  Devia- 
tion Measure, 

cr/ 

.37/ 

.019/ 

5.1 55 

.38/ 

.009/ 

2.4* 

Phi  Skewness 
Measure, 

-.16 

.037 

24.9* 

-.14 

.022 

15.7* 

2nd  Phi  Skew- 
ness Measure, 

C*2/ 

-.35 

.067 

19.0% 

-.36 

.047 

13.2* 

Phi  Kurtosis 
Measure,  At 

.65 

.063 

9.6% 

.69 

.046 

6.7* 
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In  general,  the  total  error  £ is  not  the  sum  of  independent  errors 
such  as  field  and  laboratory  errors,  but  rather  if  the  various  errors 
are  uncorrelated,  the  square  of  the  total  error  is  equal  to  the  sum  of 
the  squares  of  the  independent  errors, 


Thus  at  station  B 1.22  where  the  coefficient  of  variation  of  the  total 
error  of  the  phi  median  diameter  is  1.2/6  and  the  laboratory  error  is  0.6/6, 
the  field  error  using  the  above  equation  is  found  to  be  1.0$.  The 
coefficient  of  variation  of  total,  laboratory  and  field  errors,  in  the 
phi  median  diameter  at  station  D 2.6$  in  deeper  water  are  0.8/6,  O.656 
and  0.5$  respectively.  The  lower  value  of  field  error  at  station  D 2.6$, 
even  though  it  is  over  twice  as  deep  as  station  B 1.22  can  be  explained 
on  a basis  of  the  differences  in  gradient  of  median  diameter  along  the 
ranges  in  the  vicinity  of  the  two  stations.  The  motion  of  the  DUKW  was 
along  the  range,  and  hence  error  in  sample  position  should  also  be  in 
the  direction  of  the  range.  At  station  B 1.22  the  phi  median  changes 
rapidly  with  distance  along  the  range,  and  therefore  errors  in  position 
would  result  in  relatively  large  errors  in  phi  median.  There  is  little 
change,  in  phi  median  with  distance  in  the  vicinity  of  station  D 2.6$  (see 
figure  21B-E). 

The  coefficients  of  variation  of  the  laboratory  errors  in  the 
determination  of  total  heavy  minerals  and  carbonate  content  were  approx- 
imately h and  10  percent  respectively.  The  coefficient  of  variation  of 
the  mica  counts  was  8 percent  when  mica  composed  about  $ percent  of  the 
sample.  The  coefficient  increased  somewhat  for  higher  concentrations 
because  mica  tended  to  obscure  and  cover  quartz  grains, -thus  making  the 
counts  less  accurate. 

It  should  be  noted  that  the  nature  and  scale  of  homogeneity  of  the 
sediment  at  the  locality  of  sampling  are  important  factors  in  the  inter- 
pretation of  sediment  properties  and  their  errors.  If  a sediment 
property  such  as  particle  size  varies  as  a continuous  function  both 
horizontally  along  the  bottom  and  with  depth  in  the  sediment,  then  the 
above  analysis  of  sampling  error  can  readily  be  applied.  On  the  other 
hand  suppose  that  the  sediment  is  stratified  in  such  a manner  that  there 
are  sharp  discontinuities,  and  that  the  strata  are  large  compared  to  the 
width  or  depth  of  sample.  In  this  case  the  property  is  discontinuous,  the 
application  of  simple  laws  of  probability  becomes  difficult,  and  the 
interpretation  of  such  parameters  as  the  measures  of  size  distribution 
becomes  obscure. 

The  pronounced  lamination  of  beach  foreshore  sands  (figure  13)  in- 
dicates that  beach  samples  are  composites,  and  places  some  doubt  on 
the  nature  of  the  vertical  distribution  of  sediment  properties.  However, 
the  laminae  are  small  compared  with  the  depth  of  sampling  so  that  a large 
number  are  included  in  each  sample.  Also  the  high  degree  of  homogeneity 
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and  symmetry  of  the  hydraulic  size  distribution  of  the  beach  sands 
suggests,  that  while  the  laminae  differ  from  one  another  they  tend  to 
group  themselves  around  the  mean  value  in  accordance  with  the  normal 
distribution  law. 2/  These  facts  together  with  the  numerous  figures 
showing  systematic  areal  distribution  of  sediment  parameters  indicate, 
with  the  possible  exception  of  heavy  minerals  in  the  beach  sands,  that 
in  most  instances  the  sediment  properties  behave  as  continuous  functions. 

DESCRIPTION  AND  COMPOSITION  OF  THE  SEDIMENTS 


The  sediments  on  the  beach  and  intercanyon  shelf  are  predominantly 
fine  quartz  sand  with  minor  amounts  of  feldspars,  and  heavy  minerals. 

Light  minerals,  that  is  those  with  & specific  gravity  of  less  than  about 
2.85,  usually  comprise  90%  of  the  sample,  while  heavy  minerals  total 
about  10$.  Of  the  light  minerals  approximately  88$.  is  quartz,  10$  feld- 
spars and  2$  shell  fragments  and  miscellaneous  material.  ~0f  the  total 
heavy  minerals  hornblende  is  most  plentiful,  comprising  about  60$,  while 
biotite,  black  opaques,  epidote,  sphene  and  garnet  are  also  abundant. 

On  a basis  of  the  hydrodynamics  of  particle  transportation  the  com- 
position of  the  sediments  can  be  roughly  divided  into  three  classes; 

(l)  light  minerals,  2>  heavy  minerals  excluding  biotite,  and  3)  micaceous 
or  platey  material  which  is  almost  entirely  biotite.  The  distribution 
of  micaceous  material,  heavy  minerals,  and  carbonate  content  of  the  sediments 
will  be  discussed  separately.  A summary  of  the  seasonal  changes  in  these 
components  along  range  D,  through  the  center  of  the  area;  is  given  in 
figure  18  near  the  end  of  this  section.  The  percentage  of  micaceous 
material,  heavy  minerals  and  carbonate  content,  when  determined  are  listed 
with  the  particle-size  distribution  of  the  sample  in  appendices  I and  II. 

Heavy  Minerals 

The  total  amount  of  heavy  minerals  varied  from  1.7  to  45.0$  in  the 
sediments  from  the  beach  and  intercanyon  shelf,  while  the  coarse  sands 
from  the  Point  La  Jolla  pocket  beaches  commonly  contained  less  than  1$ 
and  one  sample  from  the  beach  north  of  Scripps  (TB-3),  obtained  during 
the  winter  season,  had  more  than  70$  heavy  minerals. 

The  weight-size  distributions  of  four  common  minerals,  green  horn- 
blende, epidote,  sphene,  and  garnet,  for  selected  samples  are  given  in 
table  3.  Less  abundant  mineral  species  are  listed  in  the  footnote  to 
this  table.  The  cumulative  frequency  curves  of  the  mineral  species  for 
the  beach  foreshore  sample  (figure  12)  show  that  the  median  for  each  specie 
is  displaced  toward  the  fine  sizes  in  accordance  with  its  specific  gravity. 
This  tendency  was  observed  in  other  samples,  although  there  were,  occasional 
reversals. 

y A microscopical  study  of  thin-sections  of  laminated  beach  sand  by  Emery 
and  Stevenson  (1950)  indicates  that  median  diameters  of  individual  laminae 
tended  to  group  themselves  around  the  mean  value  in  accordance  with  normal 
law  theory. 
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TABLE  3«  Percentage  by  weight  of  light  and  selected  heavy  mineral 
fractions.  Based  on  bromoform  separation^. 


Sample 


Size 

Limits 

units 


Light 

Min- 

erals 


Heavy 

liin- 

erals 


Green 

Horn- 

blende 

Sp.G.3.2 


Epidote 
Sp.G .3.4 


Sphene 
3p,G»3. $ 


Garnet 
Sp.G. 3.8 


.Station 
D .02 
(liar.  50) 


0.3 

14.1 

71.5 

13.5 
0.6 


% Total  sample 
5$  of  Total  Heavy  Minerals 


1.5 

12.1 

65.2 

19.3 

1.9 


1.4 

11.0 

70.1 

17.0 

0.5 


0.4 

8.9 

66.5 

23.5 
0.7 


8079 


1971 


49.3 


13.2 


0.2 

3.6 

54.0 

39.7 

2.5 


2.0 


1.2 

4.9 

26.1 

62.0 

5.8 


1.7 


Station 
D 1..50 
(Mar. 50) 


<1* 

1^-2 
2 -2^ 

2-^-3 
3 -3  k 
3^-4 
>4 


Total  sample 
of  Total  Heavy 


0.5 

3.0 

23.0 

43.4 

26.1 

3.7 

0.3 


92.5 


0.5 

1.9 

24.9 

48.5 

22.0 

2.2 


0.2 

0.6 

21.3 

52.1 

24.8 

1.0 


0.2 

16.4 
50.1 

30.5 

2.8 


7.5 


Minerals 


62.3 


8.2 


f 

Station 

< 2 

1.3 

1.2 

D 2.40 

2 -2k 

8.3 

2.7 

(Mar. 50) 

2J-3, 

33.2 

18.2 

3 -3k 

45.8 

45.1 

3k- 4 

10.4 

27.7 

>4 

1.0 

5.1 

% Total  sample 

88.3 

11.7 

15.1 

58.6 

25.4 

0.9 


1.8 


26.7 

36.7 
36.6 


1.8 


T 

0.4 

14.5 

51.8 

29.0 

4.3 


T 

0.2 

15.0 

48.1 

32.8 

3.9 


% of  Total  Heavy  Minerals 


Station 
D 3.75 
(Kar.50) 


42.5 


< 2 
2 -2^ 
2^-3 
3,  -3i 
3k -U 
Ut- 


% Total  Sample 
% of  Total  Heavy  Minerals 


0.4 

7.0 

35.7 

46.2 

9.4 

1.3 


8570 


0.7 

0.8 

18.9 
46.6 

26.9 

6.1 


0.2 

0.5 

18.6 

54.4 

23.1 

3.2 


15.0 


J8-5. 


12.8 


0.1 

0.2 

17.7 

46.1 

30.9 

5-0 


18.3 


0.7 

13.5 

48.9 

30.0 

6.9 


1.5 


0.2 

10.2 

53.2 

32.5 

4.0 


3.2 


10.8 

75.8 

10.3 

3.1 


2.7 


0.5 

0.1 

7.2 

30.9 

52.3 

9.0 


2.1 


-Other  material  present  in  the  heavy  mineral  fractions  included:  black 
opaques,  principally  magnetite  with  some  iUmenite  (averaging  approx. 

8%  of  the  total  heavy  minerals);  biotite  (0-12^);  brown  hornblende  (4/0; 
altered  material,  mostly  hornblende  and  amphiboles  (6j£);  chlorite  (3£); 
glaucophane  (l!0>  hypersthone  (I5O ; • tremolite  (1$);  and  minor  amounts 
of  zircon,  zoisite,  apatite,  rutile  and  tourmaline. 
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DIAMETER  IN  PHI  UNITS 

FIGURE  12 
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There  is  some  correlation  between  the  heavy  mineral  content  and  the 
median  grain-size  of  the  total  sample,  sediments  with  sieve  medians 
near  3.0  phi  usually  have  the  greatest  amounts  , while  the  abundance  of 
heavy  minerals  decreases  for  coarser  and  finer  sediments.  However, 
location  and  season  appear  to  be  as  important  as  size  in  determining  the 
concentration  of  heavies.  The  greatest  percentages  occur  on  the  beach 
foreshore,  and  the  least  amounts  in  the  adjacent  surf  zone.  Another  band 
of  heavy-rich  sediments  occurs  just  outside  of  and  parallel  to  the  surf 
zone  (figure  lU). 

There  is  a pronounced  seasonal  variation  in  the  amount  of  heavy 
minerals  in  the  beach  and  nearshore  samples.  During  the  winter  when  the 
beaches  are  cut  back,  the  heavy  mineral  content  of  the  beach  foreshore 
samples  increases  appreciably  over  normal  summer  conditions.  At  the  same 
time,  the  heavy  content  of  the  sands  outside  of  the  surf  zone  is  reduced. 

A possible  explanation  for  this  apparent  seasenal  migration  of  heavy 
minerals  lies  in  the  transportation  of  light  minerals  from  the  beach  fore- 
shore to  deeper  water  during  the  winter  and  back  again  during  the  sunnier. 
Since  only  surface  samples  were  used  in  this  study,  deposition  of  light 
minerals  results  in  apparent  decrease  in  heavy  mineral  concentrations, 
and  vice  versa.  This  contention  is  strengthened  by  the  relatively  low 
heavy  mineral  content  of  the  beach  sands  obtained  at  station  D in  August. 
During  the  two  months  preceding  the  August  survey  this  area  received 
between  two  and  three  feet  of  fill,  whereas  the  adjacent  portions  of  the 
beach  where  heavy  minerals  were  more  abundant  received  little  or  no  fill 
(figure  5). 

The  extreme  variability  in  the  amount  of  heavy  minerals  both  with 
location  on  the  beach  and  with  time  raises  some  question  as  to  the 
interpretation  of  heavy  mineral  suites  in  beach  and  nearshore  studies. 
These  facts  together  with  the  common  occurrence  of  alternate  zones  and 
laminae  of  heavy  and  light  minerals  in  the  beach  foreshore  (figure  13) 
indicate  that  no  simple  relationship  exists  between  the  kind  and  amount 
of  any  particular  mineral  specie  and  its  position  on  the  beach. 

Distribution  of  Micaceous  Material 


The  mica  content  of  the  sediments  averages  about  3 percent  by  weight, 
and  ranges  from  less  than  1 percent  in  the  surf  zone  to  a few  isolated 
areas  where  it  is  present  in  excess  of  of  the  total  sample.  The  dis- 
tribution of  mica  in  a sample  from  such  a mica-rich  area  (station  E 2.00) 
is  shown  in  figure  15.  Mica  is  characteristically  most  abundant  in  the 
coarse  size-fractions  when  separated  by  sieving,  but  exhibits  greater 
homogeneity  with  the  distribution  of  the  remaining  sediment  components 
when  analyzed  on  a basis  of  settling  velocity. 

Mica,  because  of  its  pronounced  platey  or  disk-like  shape  has  by 
far  the  lowest  settling  velocity  for  its  size  of  the  various  sediment 
components.  Even  though  it  has  a specific  gravity  of  2.9,  it  is  easily 
maintained  in  suspension,  and  therefore  responds  readily  to  both  advection 
and  diffusion  processes.  For  this  reason  and  because  it  usually  comprises 
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a small  portion  of  the  total  sediment,  it  may  be  a more  sensitive  index 
to  turbulence  and  water  circulation  than  the  sediment  as  a whole. 

The  distribution  of  micaceous  material  for  each  survey  is  shown  in 
figures  16A-E.  In  genera},  there  is  a higher  percentage  of  mica  in  the 
bottom  sediments  near  the  caryon  heads  where  the  water  is  less  turbulent, 
and  a lower  amount  in  the  bottom  sediments  in  the  surf  zone  where  turbulence 
is  high.  There  is  also  a band  of  mica-rich  sediments  on  the  shelf  between 
depths  of  about  20  and  $0  feet  which  is  probably  the  result  of  the  near- 
shore circulation  of  water,  which  for  long  period  waves  is  toward  shore 
near  the  wave  convergence  and  offshore  in  the  rip  zones  to  either  side 
(see  figure  U).  The  seaward  movement  of  water  in  the  region  of  wave  con- 
vergence is  indicated  by  the  tendency  for  mica-rich  sediments  to  extend 
shoreward  through  the  surf  zone  at  the  convergence.  This  tendency  is  most 
pronounced  in  the  June,  August  and  May  samples  near  beach  station  D 
(figure  16,  A,  B and  E) . 

The  last  four  surveys  show  an  area  of  very  low  mica  content  centered 
on  0 range  at  depths  between  60  and  90  feet.  Also,  the  sediments  in  this 
area  are  coarser,  have  higher  percentages  of  heavy  minerals,  and  lower 
carbonate  concentrations  than  sediments  in  adjacent  areas.  These  anomalies 
may  indicate  that  this  area  receives  greater  energy  and  is  more  turbulent 
than  is  normal  for  comparable  depths  elsewhere  in  this  area.  This  problem 
will  be  discussed  in  the  conclusions. 

Although  the  pattern  of  the  mica  distribution  changes  somewhat  through- 
out the  year,  the  amount  and  extent  of  mica  on  the  beach  and  in  the  surf 
zone  apparently  exhibit  seasonal  characteristics.  During  the  winter  there 
is  a tendency  for  a wide  band  of  mica-poor  sediments  to  exist  along  the 
beach  (figure  16,  D and  E) , while  summer  and  fall  surveys  showed  a greater 
concentration  of  mica  near  the  beach. 

Carbonate  Content 


The  carbonate  content  of  the  sediments  from  Scripps  Beach  and  the 
intercanyon  shelf  is  usually  low,  averaging  about  1§$  by  weight  for  the 
August  19U9  repeated  range  samples  (see  figure  17).  The  highest  con- 
centrations are  commonly  found  in  the  s urf  zone  where  shell  fragments 
are  most  numerous.  A maximum  of  9/6  carbonate  was  observed  in  the  surf 
zone  on  D range  during  the  November  survey.  The  seasonal  variations  in 
carbonate  content  are  not  as  pronounced  as  in  the  case  of  heavy  minerals 
and  mica. 

The  coarse  sediments  from  the  shelf  around  Point  La  Jolla  generally 
contain  higher  percentages  of  carbonate,  the  average  of  four  samples 
being  11/6.  However,  nine  analyses  of  the  coarse  sand  from  the  Point  La 
Jolla  pocket  beaches  gave  an  average  of  2 . 356  carbonate,  which  is  approx- 
imately the  same  as  the  average  for  the  fine  sand  samples  from  the  fore- 
shore at  Scripps  Beach. 
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FIGURE  17 


DEFTH  IN  FEET 


Figure  19.  Relation  between  roundnass  and  size  of  quartz 
grains.  The  degree  of  rounding  increases  with  increasing  round- 
ness number.  Samples  in  order  of  increasing  roundness  at  l/2^ 
are  as  follows:  from  Torrey  Pines  Beach,  TB-9,  TB-2,  TB-1,  TB-5 

and  TB-4;  from  Scripps  beach  and  shelf,  D 1.25,  D 1.80,  D 3.75, 

D 1.50  and  D ' .22,  all  from  the  March  1950  survey;  and  from  the 
Point  La  Jolla  area,  L-l,  L-7,  L-2,  I 1.00  (Mar.),  L-3,  and  LB-1 
(July)0  Samples  with  incomplete  data  are  TB-12  and  D 4.00  (Mar.) 
Station  locations  are  shown  in  figures  1 and  2. 
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Roundness 


The  roundness  of  quartz  grains  in  selected  samples  from  Scripps  beach 
and  intercanyon  shelf  is  compared  with  that  of  samples  from  Point  La 
Jolla  beach  and  shelf  to  the  south  and  Torrey  Pines  Beach  to  the  north  in 
Figure  19.  Roundness  was  determined  for  intervals  of  \ phi  unit,  using 
the  visual  roundness  chart  developed  by  Krumbein  (19i*l).  The  mean  value 
of  all  roundness  counts  for  each  of  the  three  areas  is  shown  in  heavy 
line.  The  means  are  based  on  about  300  counts  for  each  size  fraction. 

The  mean  values  of  the  samples  show  that  roundness  improves  from 
Torrey  Pines  Beach  to  Scripps  Beach  and  is  best  in  the  Point  La  Jolla 
area.  If  roundness  ia  indicative  of  the  abrasion  history  of  sands,  as 
is  commonly  thought,  the  increase  in  roundness  toward  the  south  strengthens 
the  supposition  of  net  southerly  drift  of  material  in  this  region.  However, 
the  scatter  in  the  degree  of  roundness  for  the  various  samples  and  the 
fact  that  roundness  does  not  show  a progressive  change  from  north  to 
south  suggests  that  roundness  of  individual  samples  is  not  necessarily 
diagnostic. 


PARTICLE -SIZE  DISTRIBUTION 


In  general  it  was  found  that  the  sediments  could  be  divided  into 
types  on  a basis  of  particle-size  distribution,  and  that  these  types 
were  characteristic  of  the  environment  of  deposition.  This  was  parti- 
cularly true  for  the  repeated  range  samples  from  Scripps  Beach  and  the 
intercanyon  shelf  where  the  close  spacing  and  large  number  of  samples 
gave  assurance  that  the  size  distributions  followed  certain  patterns 
that  could  be  correlated  with  environment.  However,  the  supplementary 
samples  from  the  adjacent  areas,  while  appearing  to  follow  similar 
patterns  , were  not  as  closely  spaced,  as  numerous,  and  were  not  sampled 
seasonally,  so  that  no  such  assurance  of  correlation  could  be  claimed. 

For  this  reason  the  sediment  types  discussed  below  and  listed  in  appendices 
I and  II,  pertain  primarily  to  the  environment  or  locality  of  deposition, 
rather  than  to  the  size  distribution  of  the  sediment,  although  both  factors 
were  considered  in  the  selection  of  types.  The  degree  to  which  these 
environmental  types  fit  into  diagnostic  size  distribution  patterns  will 
he  discussed  below. 

The  sediments  on  Scripps  Beach  and  intercanyon  shelf  are  grouped 
into  three  general  types  (figures  20  and  27).  Type  I consists  of  beach 
foreshore  sands,  which  are  the  best  sorted  sediments  in  the  La  Jolla 
area.  Sands  from  the  surf  zone  are  designated  as  Type  Ila,  and  are 
characteristically  coarser  and  more  poorly  sorted  (higher  a 4 values) 
than  sediments  farther  inshore  or  offshore.  These  grade  into  Type  lib 
which  are  found  on  the  relatively  flat  portions  of  the  shelf  from  the 
surf  zone  out  to  depths  of  approximately  100  feet,  and  are  therefore  the 
most  abundant  sediment  on  the  intercanyon  shelf.  Type  Hb  sediments 
are  predominantly  well  sorted,  very  fine  sands,  with  less  than  about 
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3 percent  silt.  Seaward  of  the  Type  lib  sediments  in  areas  where  there 
is  sloping  bottom,  the  r .It  content  usually  increases,  the  sediment 
characteristically  has  a positive  skewness,  and  is  more  poorly  sorted. 

These  sediments  are  classed  as  Type  III,  and  while  usually  occurring  in 
deeper  water,  they  are  also  found  in  shallow  water  near  the  submarine 
canyon  heads.  Because  they  occur  only  on  bottoms  where  the  slope  is 
greater  than  about  1 on  1$,  it  is  thought  that  slope  is  the  most  important 
environmental  factor,  and  they  are  referred  to  as  " slope'*  sediments. 

The  remaining  types  include  sediments  from  the  axis  of  La  Jolla 
and  Scripps  Submarine  Canyons  as  Type  IVa  and  IVb  respectively,  material 
from  the  shelf  around  Point  La  Jolla  as  Type  V,  samples  from  the  Recent 
20  foot  high  alluvial  cliffs  between  beach  stations  C and  D (figure  2) 
as  Type  VI,  and  a few  miscellaneous  samples  such  as  those  from  the  flat 
ridge  between  the  minor  branches  of  Scripps  Csiyon  (location  S I.I4O, 

V.  1.U3  for  example)  as  Type  VII. 

Samples  from  the  pocket  beaches  on  Point  La  Jolla  and  from  the 
beaches  to  the  north  of  Scripps  are  listed  as  Type  I.  All  of  the  sediments 
from  the  shelf  north  of  Scripps  Canyon  fit  into  environmental  Types  Ila-b 
and  III.  Samples  from  the  alluvial  cliffs.  Type  VI,  are  included  in 
appendix  II  for  purposes  of  comparison,  and  because  of  their  resemblance 
to  oxidized  samples  from  the  wall  of  La  Jolla  Canyon. 

Areal  Distribution  of  Size  Measures 


Measures  of  size  distribution  were  plotted  for  each  survey  to  show 
the  areal  and  seasonal  variations  in  the  sediments.  The  three  primary 
measures  of  size  distribution,  phi  median  diameter,  phi  deviation 
measure,  and  phi  skewness  measure  were  used  for  this  purpose  because 
they  give  the  essentials  of  size  distribution  with  a minimum  number  of 
variables.  The  areal  distributions  of  these  measures,  obtained  from  the 
settling  tube  analysis  of  the  sediments,  are  shown  in  parts  A through  E 
of  figures  21,  22,  and  23.  For  purposes  of  comparison,  measures  from 
the  sieve  analysis  for  the  August  survey  are  also  included  as  part  B 
(sieve)  with  each  series  of  figures.  The  seasonal  variations  in  these 
measures  along  D range  are  summarized  in  figures  2k  and  2k  (sieve),  and 
the  values  of  the  size  distribution  measures  along  U range  north  of 
Scripps  Canyon  in  figure  25. 

For  the  most  part,  the  areal  plots  of  the  three  measures  Md^,  o fh 
and  a f(  > indicated  that  the  measures  varied  continuously  and  in  a 
systematic  manner  from  one  locality  to  another,  so  that  contouring  could 
be  carried  out  on  a reasonable  basis.  The  median  diameters  were  contoured 
with  an  interval  of  one  quarter  of  a phi  unit,  and  the  phi  deviation 
and  skewness  measures  with  an  interval  of  one-tenth. 

Comparison  of  sieve  and  settling  tube  data:  Comparison  of  size  dis- 

tribution data  from  settling  tube  and  sieve  analysis,  parts  B and  B 
(sieve)  of  figures  21,  22,  and  23,  shows  that  the  patterns  of  areal  dis- 
tribution are  somewhat  similar  but  differ  considerably  in  detail.  The 
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Figure  21.  Areal  distribution  of  phi  median  diameters  for 
the  June,  August,  November,  March  and  May  surveys.  Samples  were 
analyzed  by  Emery  settling  tube  and  pipette  methods,  except  for 
figure  21B  (sieve)  which,  for  purposes  of  comparison,  gives  data 
from  sieve  and  pipette  methods.  The  cobbles  noted  off  Station  G 
in  August  are  residual.  These  cobbles  are  frequently  exposed 
during  the  summer  when  the  sand  covering  them  has  been  transported 
shoreward  and  deposited  on  the  beach.  Note  band  of  relatively 
coarse  sediments  (low  phi  values)  in  the  surf  zone,  particularly 
during  the  winter  surveys.  Data  for  parts  A through  E are  listed 
in  appendices  IA  through  IE. 
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FIGURE  21  B (SIEVE) 


Figure  22  Areal  distribution  of  phi  deviation  measures 

for  the  June,  August,  November,  March  and  May  surveys.  Samples 
were  analyzed  by  Emery  settling  tube  and  pipette  methods,  except 
for  figure  22  B (sieve)  which  for  purposes  of  comparison,  gives 
data  from  sieve  and  pipette  methods.  Position  of  wave  convergence 
zone  indicated  by  high  values  of  in  the  3urf  zone  near  station 
D for  June,  November  and  March  and  off  station  C for  August, 
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FIGURE  22  B (SIEVE) 


Figure  23  Areal  distribution  of  phi  skewness  measures 
for  the  June,  August,  November,  March  and  May  surveys.  Samples 
were  analyzed  by  Emergy  settling  tube  and  pipette  methods,  except 
for  figure  23  B (sieve)  which  for  purposes  of  comparison,  gives 
data  from  sieve  and  pipette  methods.  Note,  the  pronounced 
banding  of  properties  parallel  to  the  beach  for  all  surveys, 
except  in  the  case  of  samples  analyzed  by  sieving. 
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FIGURE  £3  B (SIEVE) 


Figure  24  Seasonal  variation  in  size  distribution  measures 
of  sediments  along  D range,  obtained  by  settling  tube-pipette 
analysis.  The  sieve-pipette  analyses  of  the  samples  are  shown 
in  figure  2U  (sieve)  for  purposes  of  comparison.  Note  the 
relatively  coarse,  poorly  sorted  material  in  the  surf  zone,  and 
the  change  in  sediment  properties  near  the  increase  in  slope  at 
depths  of  100  feet,  A seasonal  change  from  fine  median  diameters 
in  the  sunnier  to  somewhat  coarser  in  the  winter  is  shown  between 
one  and  two  thousand  feet  from  the  beach.  Compare  with  similar 
diagram  for  U range  shown  in  figure  25, 
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DISTANCE  FROM  BASE  IN  THOUSANDS  Of  FEET 


PROFILE  ALONG  "D"  RANGE 


SEASONAL  VARIATION  OF  SIZE 
DISTRIBUTION  IN  SEDIMENTS 
ALONG  "D"  RANGE 

SETTLING  TUBE  ANALYSIS 


30  JUNE  - I JULY  19 49  • 

24-25  AUGUST  1949  * 

17-18  NOVEMBER  1949 

15-16  MARCH  1950  * 

9-  II  MAY  1950  • 

17 B 20  JULY  1951  


FIGURE  24 
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PHI  MEDIAN  DIAMETER 


PHI  SKEWNESS  MEASURES 


PHI  KURTOSIS  MEASURE 


DISTANCE  FROM  BASE  IN  THOUSANDS  OF  FEET 


DEPTH  IN  FEET 


Figure  25  Variation  in  size  distribution  of  sediments  along 
U range  north  of  Scripps  Canyon,  Compare  with  similar  diagram  for 
D range  shown  in  figure  24.  Location  of  stations  is  shown  in 
figure  1,  samples  which  were  not  on  range,  such  as  T-8,  T-9,  etc., 
are  plotted  according  to  depth  rather  than  distance  from  shore. 

No  samples  were  obtained  from  the  surf  zone  on  this  range.  Note 
the  relative  increase  in  size  and  decrease  in  deviation  and  skew- 
ness for  sample  LC-15  from  the  axis  of  La  Jolla  Canyon, 


principal  difference  in  median  diameters,  as  discussed  previously  under 
the  section  on  laboratory  analysis,  is  that  values  by  settling  tube 
average  about  0.1$/  higher  than  by  sieving.  On  the  other  hand,  values 
of  phi  deviation  measure  are  generally  larger  by  sieving  than  by  settling 
tube.  This  is  particularly  true  on  the  beach  foreshore,  where  values  of 
0/  less  than  0.30  are  entirely  absent  for  the  data  obtained  by  sieving 
(figure  22B  (sieve)).  In  general  there  was  a greater  tendency  toward 
bimodal  distributions  in  the  case  of  analysis  by  sieving  than  for  analysis 
by  settling  tube  (see  figure  12,  and  appendix  IB,  range  A). 

The  areal  distribution  pattern  of  the  phi  skewness  measure,  a / 
is  noticeably  different  by  the  two  methods  .of  analysis,  except  for  the 
"slope”  sediments  in  deeper  water  where  both  methods  result  in  large 
positive  values.  Although  the  pattern  by  settling  tube  analysis  is 
complex,  it  shows  Atrong  alignment  and  control,  whereas  the  areal  dis- 
tribution of  a / values  is  almost  random  in  nature  for  the  sieve 
data.  The  more  systematic  areal  variation  in  the  measures  of  size 
distribution  by  s ettling  tube  methods  and  the  closer  correlation  between 
environment  of  deposition  and  hydraulic  size  distribution,  as  discussed 
in  the  following  section,  are  the  principal  reasons  for  emphasizing  the 
data  obtained  by  settling  tube  over  that  obtained  by  sieving  for  this 
study.  However,  when  investigating  the  relation  between  size  and  beach 
foreshore  slope  (figure  7 and  appendix  III)  it  was  felt  that  the  median 
diameter  by  sieving  was  perhaps  more  appropriate  than  that  by  Emery 
settling  tube. 

Median  Diameters:  The  areal  distributions  of  median  diameters  for 

each  survey  are  characterised  by  a band  of  coarse  material  (low  phi 
values)  in  the  surf  zone,  with  somewhat  finer  material  on  either  side 
(figure  21,  A-E).  Sediments  from  depths  of  less  than  about  10  feet 
below  MLLW  were  all  within  the  Wentworth  grade  of  fine  sand  (2.0  to  3.0/). 
The  average  median  diameters  in  depths  of  15  to  30  feet  were  3.0/,  and 
from  30  to  100  feet  the  average  was  about  3.3/. 

In  general,  the  median  diameters  of  the  sediments  decrease  with  in- 
creasing depth  beyond  the  surf  zone.  An  exception  to  this  is  the  central 
portion  of  the  intercanyon  shelf  between  depths  of  60  and  90  feet,  where 
the  sediments  are  slightly  coarser  than  in  surrounding  areas.  This 
locality  is  also  anomalous  in  phi  deviation  measure  and  in  sediment 
components  such  as  mica,  and  heavy  minerals.  These  factors  indicate 
an  increase  in  energy  in  this  locality  relative  to  adjacent  areas,  and 
will  be  considered  in  greater  detail  in  the  conclusions. 

The  greatest  change  in  sediment  size  occurs  from  the  beach  out  to 
depths  of  about  30  feet  where  the  seasonal  cut  and  fill  was  greatest. 

In  this  zone  the  sediments  tend  to  be  coarsest  during  the  winter  and 
spring  when  the  beaches  are  cut  back,  and  finest  in  the  summer  and  fall. 
However,  the  seasonal  change  in  sediment  size  is  readily  ttfaced  to  greater 
depths.  At  station  D 1.80  in  depths  of  35  feet  the  median  diameter  was 
about  0.20/  finer  during  the  summer  surveys  of  June  and  August  19U9  and 
July  1951  than  for  the  winter  and  spring  surveys  of  November  19U9  and 
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March  and  May  1950  (figure  2l*). 

There  is  also  an  indication  of  seasonal  change  at  depths  of  120  feet 
on  D range  near  stations  1^.00  to  1*.2$  where  the  phi  median  is  slightly 
coarser  (lower  phi  values)  for  August  19^9  and  July  1951  than  for  the 
winter  and  spring  surveys.  Unfortunately  the  June-July  19^9  survey  did 
not  extend  to  this  depth.  A seasonal  tendency  is  also  indicated  in 
this  region  for  values  of  a ft  , and  p i (figure  2ij).  However, 

seasonal  variation  in  the  relatively  fine  sediments  of  deeper  water  is 
less  certain  than  in  the  case  of  the  coarser  shallow  water  sediments  be- 
cause the  total  field  and  laboratory  error  in  the  measures  of  size  dis- 
cribution  for  fine  sediments  are  approximately  of  the  same  order  of 
magnitude  as  observed  variations  in  the  sediments. 

Sorting:  The  best  sorted  sediments,  as  measured  by  the  phi  deviation, 

c were  found  on  the  beach  foreshore.  Another  zone  of  well  sorted 
sediments  was  commonly  found  on  the  intercanyon  shelf  between  depths  of 
about  20  and  60  feet.  The  sediments  were  less  well  sorted,  that  is, 
the  deviation  measure  was  numerically  greater,  in  the  surf  zone,  and  on 
sloping  bottoms  near  the  edge  of  the  shelf.  Although  the  areal  dis- 
tribution of  deviation  measures  varied  from  one  survey  to  the  next,  * 
seasonal  tendencies  were  not  as  Dronounced  as  in  the  case  of  median 
diameters. 

Skewness:  Of  the  measures  of  size  distribution,  the  skewness 

measure  showed  by  far  the  greatest  variation  both  in  areal  distribution 
and  with  time,  (figures  23,  A-E).  The  data  from  all  of  the  surveys 
particularly  the  two  during  the  summer,  showed  a pronounced  banded 
pattern  with  alternate  zones  of  positive  and  negative  skewness  lying 
approximately  parallel  to  the  beach.  While  detail  of  pattern  differed 
from  one  survey  to  the  next,  certain  tendencies  could  be  followed  through- 
out the  year.  Low  values  of  skewness  in  and  near  the  surf  zone  graded 
seaward  into  a zone  of  high  negative  skewness  in  depths  of  about  25  to 
50  feet,  which  in  turn  was  followed  by  positive  skewness  values  on  the 
sloping  bottoms  and  in  deeper  water. 

Sediment  Distribution  in  Adjacent  Areas 

Sediments  from  the  supplementary  stations  on  the  beach  and  shelf 
north  of  Scripps  were  similar  to  those  on  the  intercanyon  shelf  ex- 
cept that  the  northern  beach  sands  were  slightly  coarser  and  the  shelf 
sediments  (figure  25)  somewhat  finer  than  their  counterpart  from  the 
intercanyon  shelf.  The  difference  in  shelf  sediments  can  be  accounted 
for  by  Scripps  submarine  canyon  which  prevents  the  transportation  of 
sediments  in  deep  water  from  one  shelf  to  the  next  except  as  suspended 
load.  Therefore  the  main  source  of  intercanyon  sediment  is  sand  size 
material  transported  across  the  shallow  shelf  at  the  head  of  the  canyon. 

As  noted  previously,  the  s ediments  on  the  rocky  shelf  around  Point 
La  Jolla  differ  markedly  from  those  of  the  intercanyon  shelf.  The  Point 


La  Jolla  sediments  occur  in  patches  separated  by  many  low  rock  outcrops 
and  ridges.  These  sediments  are  coarser,  somewhat  more  rounded,  have 
more  shell  fragments,  are  frequently  bimodal,  and  in  general  do  not  grade 
from  one  type  to  another  as  do«  the  shelf  sediments  to  the  north.  The 
transition  between  the  Point  La  Jolla  shelf  sediments  and  the  fin^  sands 
to  the  north  occurs  near  the  head  of  La  Jolla  canyon  and  results  in  a con- 
fused sediment  distribution  along  H range.  This  is  shown  in  parts  C and 
E of  figures  21  through  23,  and  is  the  reason  that  sediments  on  H and  I 
ranges  are  classed  as  La  Jolla  shelf  Type  V sediments  rather  than  as  normal 
shelf  Types  I through  III. 

Sediments  from  the  submarine  canyons  are  classified  as  Type  IVa  or 
IVb  if  they  are  from  the  floor  of  La  Jolla  or  Scripps  Canyons,  and  as 
Type  III  (slope  sediments)  if  they  are  from  the  canyon  walls.  In  general 
the  slope  sediments  from  the  canyon  walls  were  typical  of  Type  III 
sediments  elsewhere  in  that  they  had  high  phi  deviation  measures  and  high 
positive  skewness.  The  sediments  from  the  canyon  floors  present  a 
special  problem.  They  are  usually  coarser  than  the  adjacent  slope 
sediments,  but  resemble  them  in  having  high  positive  skewness  and  high 
deviation  measures  (poor  sorting).  The  resemblance  to  Type  III  sediments 
is  better  in  the  case  of  La  Jolla  Canyon  sediments  than  for  Scripps  Canyon 
where  the  a ^ and  a values  usually  plot  between  Type  lib  and  III. 

Changes  in  measures  of  size  distribution  from  the  shelf  to  the  floor 
of  outer  La  Jolla  Canyon  are  illustrated  in  figure  25,  Data  for  stations 
SC-8  through  SC-11,  which  are  in  line  across  the  mid  section  of  Scripps 
Canyon  are  listed  in  appendix  II. 

On  three  occasions  samples  of  very  stiff,  well  consolidated  sediment 
with  oxidized  surface  and  some  worm  borings  were  obtained  from  the  steep 
wall  at  the  head  of  La  Jolla  Canyon  in  depths  of  70  to  120  feet. 2/  This 
material  was  quite  different  from  the  unconsolidated  fresh  appearing 
modern  sediments  in  the  La  Jolla  region.  In  size  distribution  it  was  most 
similar  to  the  Recent  alluvium  from  stations  AC-1  and  AC-2  listed  in 
appendix  II.  It  is  probable  that  this  material  is  part  of  an  older  formation 
outcropping  on  the  canyon  walls,  since  it  is  known  that  older  formations 
outcrop  along  the  steep  walls  of  both  canyons  (Shepard,  19ii9)  * 

Size  Distribution  Diagrams 

Experience  has  shown  that  the  measures  of  sediment  size  distribution 
are  somewhat  interdependent,  and  that  a physical  relationship  exists  between 
the  median  diameter  and  the  deviation  and  skewness  measures  for  most  water 
transported  sediments  (Inman,  9h9  > and  Griffiths,  1951),  In  general, 
sediments  with  median  diameters  within  the  Wentworth  range  of  fine  sand 
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3 / Two  of  the  samples  were  from  stations  G 1.32  (Nov.)  and  LC-1  and  are 
listed  in  appendices  IC  and  II.  The  third  sample  was  from  station  G 1.1*8 
• on  9 March  1950.  It  is  described  as  being  very  stiff  with  oxidized  sur- 
face and  has  values  of  Mcy  , o and  a ^ of  5.88^  and  +0.i*2 

respectively. 


tend  to  be  better  sorted  and  more  symmetrical  than  coarser  or  fine  material 
regardless  of  the  environment  of  deposition.  For  this  reason  it  is  ad- 
vantageous in  studying  the  particle-size  distribution  of  a large  number 
of  samples  to  plot  them  in  such  a manner  that  both  the  variation  and  the 
interdependence  of  the  size  parameters  can  be  shown.  To  accomplish  this 
the  descriptive  measures  of  the  bottom  sediments  were  plotted  on  a size 
distribution  diagram  in  which  the  phi  deviation  and  skewness  measures  are 
plotted  against  the  median  diameter.  Diagrams  of  this  type  .for  each 
survey  of  Scripps  Beach  and  the  intercanyon  shelf  sediments  are  shown  in 
figures  26  A-E,  and  a compilation  of  all  surveys  in  figure  26F. 

It  is  sometimes  convenient  to  visualize  the  median,  deviation,  and 
skewness  in  the  size  distribution  diagram  as  the  x,  y,  and  z axes  of  a 
Cartesian  coordinate  system  in  space.  In  this  sense  the  pattern  of  plotted 
points  delineate  solids  in  space,  and  the  number  of  plots  per  unit  volume 
indicate  the  density  of  the  solid.  Since  different  symbols  are  used  to 
represent  different  environments  of  deposition,  the  density  of  plot  of  a 
given  symbol  is  a measure  of  the  degree  of  similarity  of  the  size  dis- 
tribution of  sediments  from  that  particular  environment. 

Inspection  of  the  size  distribution  diagrams  shows  that  there  is  a 
high  degree  of  similarity  in  the  size  distribution  of  sediments  within  a 
given  environment,  and  in  a three  dimensional  s ense,  that  there  is 
practically  no  overlapping  from  one  type  to  another.  As  mentioned  previously, 
the  basic  consideration  in  typing  or  classifying  the  sediments  was  the 
environment  or  location  of  deposition.  However,  the  decision  as  to  what 
constitutes  an  environment,  in  so  far  as  size  distribution  is  concerned, 
was  made  on  the  basis  of  areal  distribution  of  size  measures  (figures  21-23) 
and  its  validity  ascertained  by  the  pattern  and  desnity  of  plot  on  the  size 
distribution  diagrams. 

For  example,  the  areal  distribution  diagrams  indicated  that  beach 
foreshore  samples  could  be  considered  as  a separate  type  from  the  offshore 
samples.  The  position  and  density  of  plotted  points  on  the  size  distri- 
bution diagram  tend  to  confirm  this.  On  the  other  hand,  while  samples 
from  the  surf  zone  and  shelf  tend  to  differ  from  one  another,  the  size  dis- 
tribution diagram  indicates  that  they  form  a gradational  series,  with  no 
sharp  line  of  demarkation  between  them.  For  this  reason  samples  from  the 
surf  and  near  shore  zone  between  the  beach  foreshore  and  approximately 
1000  feet  from  shore  are  arbitrarily  classified  as  sub-Type  Ila,  while 
samples  from  the  relatively  horizontal  shelf  beyond  are  listed  as  sub 
Type  lib.  Sediments  seaward  of  the  shelf  type,  where  the  bottom  slopes  are 
about  1 on  l£  or  greater,  are  quite  different  from  the  shelf  sediments 
and  are  classified  as  Type  III.  The  areal  distribution  of  sediment 
types  is  shown  in  figure  27. 

It  is  interesting  to  note  that  while  surf  zone  and  beach  stations  are 
quite  close  together,  their  samples  have  decidedly  different  characteristics. 
On  the  other  hand,  samples  across  the  relatively  broad  area  of  s urf  and 
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Figures  26A-F.  Size  distribution  diagrams  for  the  June, 
August,  November,  March  and  May  surveys.  The  sieve-pipette 
analyses  of  the  August  data  are  shown  in  figure  26  B (sieve)  for 
purposes  of  comparison.  The  areal  distributions  of  Md^,  (T^,  and 
qi(  ^ for  each  survey  are  shown  in  figures  21,  22,  and  23,  and  the 
distribution  of  sediment  types  in  figure  27.  Dashed  lines  connect 
type  lib  and  III  sediments  which  occur  on  the  same  range,  and  are 
from  progressively  deeper  stations.  A compilation  of  data  from 
all  surveys  is  shown  in  figure  26F. 
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shelf  grade  systematically  from  point  to  point.  Again,  as  in  the  case 
of  beach  to  surf,  the  transition  from  shelf  to  slope  sediments  takes 
place  in  a relatively  short  distance,  and  although  the  slope  sediments 
do  not  plot  in  as  dense  a group  as  the  others,  they  are  easily  distinguished 
by  their  poor  sorting  and  high  positive  skewness.  In  areas  where  the  sub- 
marine canyon  heads  are  close  to  the  beach,  sediments  from  beach  to  slope 
usually  go  through  the  same  general  cycles  as  along  other  traverses 
where  the  slope  is  some  distance  from  the  beach.  The  chief  difference  is 
that,  where  submarine  canyon  heads  are  close  to  the  beach,  the  shelf  or 
surf  zone  sediments  are  coarser  near  the  break  in  slope  and  consequently 
the  slope  sediments  are  also  somewhat  coarser. 

SUMMARY  AND  CONCLUSIONS 


This  study  has  shown  that  the  areal  distribution  of  certain  physical 
properties  of  beach  and  nearshore  sediments  tend  to  be  continuous,  and 
that  these  attributes  vary  in  a systematic  manner  within  the  environment. 
Seasonal  factors  such  as  wave  energy  and  direction  of  approach  result 
in  marked  seasonal  variations  of  some  sediment  properties,  but  in  general 
seasonal  changes  in  the  sediments  are  not  of  sufficient  magnitude  to  over- 
shadow properties  that  can  be  attributed  to  the  location  or  environment 
of  deposition  of  the  sediment.  That  is  to  say,  while  seasonal  factors 
are  manifest  in  the  variation  of  sediment  properties  with  time,  and  are 
very  important  in  determining  rates  of  transportation  and  deposition,  they 
are  not  as  important  as  environmental  factors  in  determining  the  attributes 
of  the  sediment.  This  is  illustrated  by  comparisons  of  the  areal  dis- 
tributions of  such  attributes  as  heavy  mineral  content,  amount  of  micaceous 
material,  and  measures  of  size  distribution  (figures  lU,  16,  21,  22,  and 
23)  with  the  summary  of  the  seasonal  variations  of  these  properties  along 
D range  (figures  18  and  2U)  and  with  the  environmental  characteristics 
shown  in  the  size  distribution  diagrams  (figures  26  A-F).  Such  a com- 
parison shows  that  in  general  seasonal  variations  are  of  lesser  magnitude 
than  the  average  change  in  properties  from  one  environment  to  another, 
such  as  from  beach  to  surf  zone  or  from  shelf  to  slope. 

The  importance  of  environmental  factors  in  determining  sediment  pro- 
perties enabled  the  samples  from  Scripps  Beach  and  the  intercanyon 
shelf  to  be  grouped  into  three  general  types  depending  upon  their  location. 
Sediments  within  these  environmental  types  - beach,  surf  and  shelf,  and 
slope,  all  have  particle-size  distributions  that  can  be  correlated  with 
environment.  On  the  other  hand,  samples  from  the  rocky  shelf  around  Point 
La  Jolla,  where  sediment  coverage  is  not  continuous  but  occurs  in  isolated 
patches,  were  frequently  bimodal  and  showed  no  such  correlation  with 
environment.  This  illustrates  the  importance  of  local  conditions  in  pro- 
ducing special  effects,  and  indicates  that  caution  must  be  used  in  ex- 
trapolating findings, from  one  area  to  another.  Apparently  tha  limiting 
factor  on  the  Point  La  Jolla  shelf  is  the  lack  of  continuity  of  sediment 
distribution.  This  results  in  numerous  isolated  sediment  bodies,  each  with 
its  own  characteristics  of  size  distribution.  Mixing  of  unlike  sediments 
probably  accounts  for  the  bimodal  distributions  found  in  the  La  Jolla 
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shelf  sediments.  However,  the  similarity  in  the  properties  of  sediments 
from  the  intercanyon  shelf  with  those  from  comparable  localities  on  the 
shelf  north  of  Scripps  Canyon  and  from  more  distant  areas  such  as  the 
beach  and  shelf  near  Point  Mugu,  California  (Inman,  19$0b)  suggest  that 
the  relations,  found  in  the  vicinity  of  Scripps  Beach,  between  sediment 
attributes  and  environments  of  deposition  have  some  application  to  beach 
and  nearshore  areas  in  general.  , 

The  areal  distribution  patterns  show  that  there  is  a pronounced  align- 
ment of  sediment  properties,  which  in  general  is  parallel  to  the  beach 
and  surf  zone.  This  feature  of  sediment  distribution  is  important  to  the 
understanding  of  nearshore  processes,  because  it  suggests  that  processes 
causing  such  alignment  and  banding  of  sediment  attributes  should  in  the 
main  have  isolines  of  intensity  parallel  to  the  beach.  This  suggests, 
for  example,  that  on  the  scale  of  the  sampling  grid  of  these  surveys,  the 
primary  features  of  the  sediment  size  distribution  are  not  the  result 
of  transport  en  masse  through  the  surf  zone  and  over  the  shelf  along  narrow 
aaenues,  such  as  by  rip  currents.  Extensive  application  of  such  a process 
should  result  in  mixing  of  sediment  types  and  an  alignment  of  sediment 
properties  perpendicular  to  the  beach,  a condition  which  was  not  pronounced 
near  the  surf  zone.  An  exception  to  this  line  of  reasoning  may  occur  i5i 
the  case  of  high  wave*  with  short  periods.  The  positions  of  rip  currents 
resulting  from  wave  action  of  this  type  are  not  stable,  and  there  is 
a tendency  for  the  currents  to  migrate  in  a random  manner  from  place  to 
place  along  the  beach,  and  thus  possibly  result  in  a uniform  distribution 
of  sediment.  However,  the  location  of  rip  currents  and  the  nature  of  the 
nearshore  water  circulation  are  important  factors  in  determining  certain 
sediment  attributes  such  as  the  distribution  of  micaceous  material  (see 
figures  1*  and  16). 

There  are  numerous  possible  interpretations  of  the  alignment  and  band- 
ing of  sediment  attributes.  It  is  feasible  for  example  that  standing  waves 
or  reinforcement  of  waves  such  as  surf  beat  may  result  in  alternate  bands 
of  intensification  and  rarefraction  of  energy  which  is  reflected  in  the 
properties  of  the  sediment.  Another  explanation  may  lie  in  the  seaward 
transportation  of  sediment  by  diffusion,  resulting  from  a horizontal 
gradient  in  concentration  of  suspended  material  from  the  surf  zone  where 
concentrations  are  high,  to  offshore  areas  where  they  are  relatively  low. 

If  such  a process  were  operative,  it  could  explain  the  zones  of  alternate 
skewness  (figure  23),  because  the  nature  and  amount  of  transported  material, 
and  the  effective  distance  of  transport  would  be  a function  of  the  duration 
and  intensity  of  wave  action.  Each  increase  in  wave  intensity,  and 
particularly  each  storm  period,  should  result  in  seaward  transportation 
and  deposition  of  material  that  differed  somewhat  from  the  material 
already  in  situ.  In  addition  to  seaward  transportation  by  diffusion,  it 
is  possible  that  a net  onshore  transportation  of  sediments  may  occur  along 
the  bottom  because  of  the  differential  between  the  onshore  and  offshore 
velocities  associated  with  the  orbital  motion  of  nearshore  waves  (Grant, 
191*3).  Such  transport  would  probably  be  selective  in  that  it  would  move 
certain  types  of  material  more  easily  than  others,  and  the  location  and 
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intensity  of  erosion  or  deposition  would  be  a function  of  wave  character 
and  depth  of  water.  It  is  conceivable  that  the  summation  of  effects  of 
processes  such  as  these  could  result  in  the  banded  tendency  observed  in 
sediment  properties,  particularly  in  zones  of  alternate  skewness. 

The  effectiveness  of  Scripps  Submarine  Canyon  in  limiting  the  long- 
shore transport  of  material  to  the  narrow  zone  of  shallow  water  at  the 
head  of  ihe  caayon  is  indicated  by  the  relatively  coarse  sediments  on  the 
intercanyon  shelf,  as  compared  with  sediments  from  comparable  depths  on 
the  shelf  north  of  the  canyon  (figures  2i*  and  25),  even  though  the  beach 
sands  are  finer  along  Scripps  Beach  than  on  the  beaches  to  the  north. 

The  comparative  absence  of  fine  material  on  the  intercanyon  shelf  implies 
that  longshore  transport  of  fine  material  may,  in  the  absence  of  barriers 
such  as  Scripps  Canyon,  occur  well  seaward  of  the  breaker  zone. 

However,  there  are  factors  other  than  the  source  of  sediments  that 
influence  the  distribution  of  sediments  on  the  intercanyon  shelf,  as  in- 
dicated by  the  oval  zone  of  relatively  coarse  material  which  occurs  on 
the  outer  portions  of  the  shelf  in  depths  of  60  to  90  feet  of  water. 

This  zone  is  'unusually  rich  in  heavy  minerals  and  low  in  micaceous 
material  (figures  lU  and  16);  both  of  these  are  attributes  which  indicate 
an  intensification  of  bottom  agitation.  As  in  the  case  of  longshore  align- 
ment of  sediment  properties,  the  properties  in  themselyes  cannot  define 
the  effective  agent  of  deposition,  but  can  place  definite  limits  on  the 
nature  of  the  process.  At  present  there  appear  to  be  at  least  two  pro- 
cesses worthy  of  consideration  in  this  regard;  an  increase  in  the  intensity 
of  tidal  scour  near  the  break  in  slope  as  suggested  by  Fleming  and  Revelle 
(1939),  or  a convergence  of  long  period  waves  such  as  surf  beat  as  des- 
cribed by  Williams  and  Isaacs  (1952)  and  discussed  in  the  section  under 
waves  and  currents.  The  importance  of  either  of  these  processes  in 
causing  an  increase  in  bottom  agitation  or  scour  could  be  ascertained  by 
current  or  long  period  wave  measurements  in  the  area. 

The  extreme  variability  in  the  relative  concentrations  of  certain 
minerals  both  with  time  and  location  raises  some  question  as  to  the  inter- 
pretation of  mineral  abundance  studies  in  nearshore  sediments.  Certainly 
no  simple  relationship  exists  between  the  amount  of  any  particular  mineral 
and  its  position  on  the  beach.  There  appears  to  be  good  evidence  for 
selective  sorting  of  material  on  a basis  of  size,  shape,  and  density, 
and  the  relative  importance  of  these  factors  apparently  changes  markedly 
with  time  and  location  (see  figures  13  through  18).  In  this  regard  it  is 
probable  that  anomalies  in  physical  properties  may  at  times  result  in  the 
transportation  of  certain  material  in  a direction  contrary  to  that  of 
the  net  transport. 

Comparisons  of  size  distributions  of  the  sediments  by  sieving  and  by 
hydraulic  methods  show  that  the  latter  technique  give  somewhat  more 
meaningful  results  in  a study  of  the  areal  distribution  of  sediment  at- 
tributes. The  increased  homogeneity  of  sediments  when  considered  in  terms 
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of  hydraulic  size  suggests  that  investigations  utilizing  hydraulic 
methods  should  be  more  widely  adapted  and  that  improved  settling  velocity 
techniques  should  be  perfected.  Also,  it  may  be  more  diagnostic  in 
studies  of  mineral  abundances  to  segregate  on  a basis  of  hydraulic  size 
rather  than  the  more  common  method  of  separation  by  sieving. 
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APPENDIX  I A - IF 


Particle-size  Distribution 
and 

Values  of  Selected  Sediment  Components 
for  •’ 

Repeated  Range  Samples 


I A 

30 

June 

- 1 July  1949 

IB 

24 

- 26 

August  1949 

IC 

17 

- 18 

November  1949 

ID 

15 

- 16 

March  1950 

IE 

9 

- 11 

May  1950 

IF 

17, 

20  , 

July  1951 

APPENDIX  IA 

30  June  - 1 July  1949,  Beach  and  Bottom  Sediments 


Sample 
“Sta- 
tion No. 


°<2«f  /3c 


i % 

r* 

Heavy 

Car- 

ff[\ ica- 

Min- 

bon- 

ceous 

eral 

ate 

(by 

(by 

(by 

no. ) 

wt. ) 

wt. 

A .82  46a  2.96  .43 

A .82  46  2.93  .42 


,26 

.29 

-.04 

♦.03 

-.15 
♦.  14 

.81 

.76 

2 4.9 

I 

.34 

-.03 

-.18 

.59 

2 

Ha 

.38 

-.16 

-.37 

.74 

2 

Ila 

,42 

-.02 

-.21 

.72 

2 

Ila 

.42 

♦.02 

-.05 

.67 

2 

Ila 

43 

0 

-.05 

.56 

3 

Ila 

42 

0 

-.02 

.57 

3 

Ila 

40 

-.05 

-.10 

.73 

2 

lib 

42 

-.14 

-.19 

.57 

3 

lib 

37 

-.17 

-.20 

.60 

6 

ITb 

40 

-.15 

-.15 

.55 

4 

lib 

40 

-.20 

-.30 

.65 

2 

lib 

41 

-.15 

-.22 

.59 

7 

lib 

41 

-.02 

-.02 

.76 

16 

lib 

♦Stations  are  shown 


Letter  refers  to  the  range  and  nu- 


merals indicate  distance  from  shore  in  thousands  of  feet. 

♦♦Size  distribution  is  in  graphic  phi  measures  (Inman,  1952).  The 
analysis  following  the  sample  number  is  by  the  Query  Settling  Tube; 
the  second,  if  present,  is  by  sieving.  In  either  case,  material 
finer  than  ki  was  analyzed  by  the  pipette  method. 

^Percent  by  number  of  the  sand  size  fraction.  Predominantly  biotite. 

fType  I is  from  beach  foreshore,  Ha  - surf  and  nearshore,  lib-shelf, 
III  - slope,  IVa  - La  Jolla  Canyon  axis,  IVb  - Scripps  Canyon  axis, 

V - Point  La  Jolla  shelf.  VI  - alluvium.  VII  - miscellaneou s . 


IA.-1 


Sample 

*Sta- 
tlon 

NO. 

B .01 

86 

B .10 

85 

CD 

H* 

84 

B .25 

83 

o 

c^- 

• 

CD 

66 

B .95 

31 

Bl.10 

30 

B1.22 

29 

B1.40 

28 

B1.95 

27 

B2.25 

26 

B2.75 

25 

C .02 

90 

C .08 

89 

C .15 

88 

C .45 

87 

C .80 

67 

Cl.  10 

24 

Cl.  40 

23 

Cl.  50 

22 

C2.00 

21 

Particle-size  Distribution**  ceous 


4 cr  4 o(4  o(  2 4 ft  4 


2. 56  .26  -.07  -.27  .62  <1 

2.72  .28  -.14  -.02  .64  <1 

2.53  .31  >.13  >.32  .74 

2.60  .32  0 0 .63  <1 

2.56  .41  -.15  -.29  .90  <1 

2.85  .42  -.05  -.17  .71  4 

2.83  .42  + .02  +.10  .57  1 

3.04  .43  -.05  -.14  .49  4 

3.12  .41  -.09  -.19  .65  2 

3.23  .37  -.11  -.30  .54  4 

3.34  .33  -.12  -.42  .85  3 

3.27  .36  -.17  -.42  .56  8 

3.35  .37  -.03  -.11  .68  4 

2.45  .25  -.08  -.48  .80  <1 

2.59  .22  -.27  -.36  .65  1 

2.42  .28  +.04  +.07  .78 

2.71  .33  -.18  -.18  .79  2 

2.76  .39  -.03  -.18  .69  1 

2.83  .47  >.06  +.02  .53  5 

2.83  .41  >.07  0 . 61  4 

3.13  . 44  -.04  -.14  . 45  6 

3.10  . 44  -.04  -.18  . 43 


3 


APPENDIX  IA  (cont.) 


i % 

^Mica- 

Particle-size  Distribution-'''*1  ceous 


*st*-~ 

tion 

No. 

<r  4 

°<  4 

cv  24  & 4 

(by 

no. 

D .04 

94 

2.43 

.24 

-.08 

-.37 

.88 

<1 

2.30 

.27 

0 

+.07 

.85 

D .08 

93 

2.51 

.26 

-.07 

-.40 

.92 

<1 

2.37 

.30 

>.03 

-.07 

.93 

D .13 

92 

2.52 

.36 

-.14 

-.14 

.72 

2 

2.39 

.38 

-.02 

-.05 

.71 

D .36 

91 

2.24 

.50 

-.18 

-.32 

.85 

4 

2.14 

.54 

-.15 

-.37 

.81 

D .70 

68 

2.37 

.48 

-.15 

-.52 

1.00 

2 

2.23 

.49 

-.04 

-.43 

1.08 

D1.30 

19 

2.97 

.43 

+ .02 

+ .02 

.67 

5 

2.87 

.48 

0 

+ .10 

.62 

D1.50 

18 

3.13 

.43 

-.07 

-.21 

.53 

7 

2.98 

.46 

0 

+.09 

.63 

D1.80 

17 

3.27 

.39 

-.15 

-.49 

.79 

11 

3.09 

.41 

-.05 

-.07 

.76 

D2.40 

16 

3.30 

.40 

-.15 

-.32 

.58 

6 

3.12 

.38 

0 

-.03 

.71 

D2.85 

15 

3.24 

.41 

-.15 

-.34 

.51 

3 

3.09 

.36 

-.03 

-.06 

.75 

E .08 

98 

2.60 

.28 

-.07 

0 

.64 

<1 

E .15 

97 

2.69 

.29 

0 

0 

.67 

<1 

2.52 

.29 

+ .20 

+ .48 

.79 

E .20 

96 

2.64 

.37 

+ .03 

+.11 

.57 

<1 

E .45 

95 

2.57 

.39 

0 

-.15 

.67 

1 

El. 25 

14 

2.88 

.41 

-.05 

-.15 

.34 

2 

El.45 

13 

2.82 

.38 

-.03 

-.05 

.42 

1 

12 

2.92 

. >41 

0 

+.07 

.46 

“IT- 

Heavy 
Min- 
eral 
(by 
wt. ) 

”1 
Car- 
bon- 
ate 
(by 
Vt.  ; 

tsedi 

ment 

Type 

3.7 

2.2 

I 

5.1 

1.5 

I 

2.6 

2.0 

Ila 

2.6 

4.7 

Ila 

3.9 

5.6 

Ila 

10.3 

1.5 

lib 

10.5 

1.4 

lib 

10.7 

1.1 

lib 

11.6 

1.1 

ITb 

15.8 

1.0 

lib 

6.5 


I 

I 

Ila 

II* 

lib 

lib 

lib 


IA-3 


APPENDIX  IA  (cont.) 


<0 

A> 

2 

n* 

Heavy 

Car- 

VY.  ica- 

Kiri- 

bon- 

SamDie 

Particle-size  Distribution** 

ceous 

eral 

ate  TSedi 

(by 
no. ) 

(by 

wt . ) 

(by 
wt. ) 

ment 

Type 

'*  Sta- 
tion No. 

<r  4 oc  4 o<  2 

E2.00  11 

3.08 

.48 

-.12 

-.12 

.58 

53 

lib 

2.97 

• 59 

-.15 

-.37 

.77 

F .04  102 

2.70 

.27 

0 

0 

.67 

< 1 

I 

F .08  101 

2.78 

.29 

0 

-.03 

.65 

1 

7.7 

I 

2.61 

.32 

♦ .16 

+ .28 

.68 

F .16  100 

2.72 

.34 

♦ .03 

♦ .12 

.53 

< 1 

Ha 

F .40  99 

2.67 

• 38 

0 

0 

.32 

<1 

Ila 

F .75  10 

3.04 

.48 

-.04 

-.17 

.44 

3 

Ila 

F .90  9 

3.18 

.44 

-.14 

-.25 

.61 

4 

Ila 

FI. 10  8 

2.90 

.42 

-.02 

♦ .02 

.50 

5 

lib 

FI. 20  7 

2.96 

.33 

-.03 

-.06 

.79 

1 

lib 

FI. 25  6 

2.82 

.40 

♦ .02 

-.08 

.65 

3 

lib 

G .05  105 

2.73 

.30 

-.10 

-.27 

.73 

1 

7.4 

I 

2.57 

.30 

♦ .10 

♦ .23 

.80 

G .14  104 

2.90 

• 36 

-.05 

-.17 

.50 

2 

Ila 

G .50  103 

2.60 

.43 

♦ .09 

-.05 

.72 

< 1 

Ila 

G .90  5 

2.96 

.43 

-.09 

-.19 

.60 

2 

Ila 

G1.15  4 

3.07 

.45 

-.02 

-.16 

.76 

11 

lib 

H .00  109 

2.74 

.33 

0 

-.12 

.61 

1 

V 

H .01  108 

3.12 

• 36 

-.11 

-.22 

.56 

6 

3.9 

V 

2.93 

.32 

0 

-.03 

.75 

H .16  107 

2.92 

.45 

-.24 

-.82 

1.00 

4 

V 

H .25  106 

3.00 

.52 

-.27 

-.73 

.84 

5 

V 

IA-4 


Sample 

5ta- 


APPENDIX  IA  (cont.)  

% % 

% Heavy  Car- 

">!ica-  Min-  bon- 

Particle-eize  Distribution**  c»oua  eral  ate  .’Sedi- 

st- j ^ j (fey  (by  (by  raOTit 


Sk  a.  Kd>*  ^ **  "°-i  2 

H .60  3 3.13  .40  0 -.02  .65  4 

H .90  2 2.98  .37  -.05  -.38  .70  2 

HI, 40  1 2.25  1.04  -.26  -.70  .83  5 


wt.  JJ  Tj 


P .05 


82  2.59 

2. a 


P .10  81  2.60 

P .16  00  2.73 
p .45  79  2.63 
PI. 10  36  2.88 
Pi. 35  35  3.31 
PI. 55  34  3.26 
Pi. 75  33  3-34 
P2.25  32  3.23 
P2.50  47  3.70 

R .25  37  2.25 
r .40  38  3.06 
R .55  39  3.31 
R .70  40  3.08 


.24  -.17  -.33  .75  < 1 7.8 

.28  >.04  >.21  .71 

.31  0 0 .64  < 1 


1 

• 

o 

VjJ 

-.18 

.54 

1 

Ila 

-.02 

0 

.56 

5 

Ha 

>.02 

>.09 

.59 

4 

lib 

-.15 

-.31 

.62 

4 

lib 

-.10 

-.23 

.67 

3 

lib 

-.06 

-.38 

.81 

4 

lib 

l/\ 

O 

• 

1 

-.10 

.63 

6 

lib 

>.19 

>.62 

1.02 

11 

III 

>.30 

> .68 

.75 

5 

Ila 

-.05 

-.05 

.57 

5 

lib 

-.10 

-.40 

.79 

4 

lib 

-.03 

-.10 

.64 

4 

lib 

i 

• 

o 

VjJ 

-.21 

.52 

5 

Ila 

>.02 

-.07 

.62 

4 

Ila 

-.21 

-.42 

.49 

7 

Ila 

APPENDIX  ID 


24  - 26  August  1949  Beach  and  Bottom  Sediments 


r 

Sample 

Particle-size  Distribution'51* 

Mica- 

ceous 

* 

Heavy 

Min- 

eral 

1 

Car- 
bon- 
ate ] 

Sedi- 

ment 

Xyj*-- 

^ Sta- 
tion No. 

Md^  cr  i d cv  (3  4 

(by 

n&J. 

(by 

jcLJ- 

(by 

A .04  127 

2.80  .25  0 -.08  .80 

2.68  .34  0 -.06  .70 

<1 

16.1 

1.2 

I 

A .22  128 

2.78  .34  -.03  -.06  .77 

2.58  .40  0 -.05  .70 

3 

2.2 

1.7 

Ila 

A .48  32 

3.06  .43  -.16  -.28  .58 

2.91  .48  -.15  -.32  .71 

5 

7.4 

.8 

Ha 

A .70  24 

2.75  .47  +.14  +.15  .60 

2.67  .51  0 -.02  .68 

2 

7.9 

.6 

Ila 

A .82  25 

2.90  . 58  -.02  +.07  . 31 

2.83  . 48  ♦ .02  +.04  .64 

2 

11.1 

.6 

Ila 

A1.00  26 

3.23  .40  -.12  -.20  .52 

3.08  .41  -.0?  -.07  .73*" 

3 

** 

12.9 

.8 

lib 

A1.20  27 

3.31  .40  -.27  -.40  .52 

3.07  .40  -.05  -.05  .72 

4 

16.2 

.7 

lib 

A1.35  28 

3.26  .38  -.11  -.18  .58 

3.13  .38  -.03  +.03  .74* 

3 

** 

14.0 

.4 

lib 

A1.65  29 

\ 

3.26  .39  -.10  -.15  .56 

3.13  .40  -.02  -.17  .77 

6 

9.2 

.4 

lib 

A2.05  30 

3. 18  .39  -.18  -.28  .60 

3.03  .40  +.02  *.07  .72 

4 

13.1 

1.1 

lib 

A2.25  31 

3.37  .37  -.19  -.30  .49 

3.17  .37  -.06  -.08  .86 

14 

9.5 

.9 

lib 

B .04  118 

2.60  .25  0 0 .67 

2.54  .34  0 0 .65 

1 

18.6 

1.8 

1 

**-»Sie-re  analysis  shows  bimodal  tendency. 
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APPENDIX  IB  (eont.) 


Sample 

# 

Partlcle-alze  Biatrlbution^nt 

% 

Mica- 
ceous 
(by 
no. ) 

% 

Heavy 

Min- 

eral 

(by 
wt, ) 

% 

Car- 

bon- 

ate 

(by 

.wt,) 

^Sedi- 

ment 

Type 

j 

{ 

* 

> 

• ■ 

II 

Kfl 

91 

2<l 

64 

B .18  119 

2.45 

.34 

0 

0 

.67 

<1 

2.7 

2.3 

Ila 

* 

* • 

2.34 

.40 

+ .05 

>.10 

.80 

» 

A 

9 .45 

120 

2.65 

.45 

0 

-.18 

.76 

1 

4*4 

2.6 

Ila 

2.52 

.50 

0 

-.18 

.82 

r—  * 

B .50 

34 

2.70 

.45 

-.02 

-.04 

.53 

1 

12.8 

1.5 

Ila 

2.63 

.50 

0 

-.06 

.72 

f 

J 

B1.00 

73 

2.88 

.49 

+ .02 

>.14 

.45 

3 

14.9 

.8 

Ila 

2.87 

.49 

0 

0 

.65 

B1.12 

74 

3-14 

.44 

-.09 

-.14 

.54 

5 

13.0 

.9 

lib 

.... 

3.00 

.43 

0 

-.02 

.67 

Bl.22 

75 

3.20 

.43 

-.19 

-.19 

.44 

3 

16.4 

.9 

lib 

j 

■ 

3.10 

.41 

-.02 

-.05 

.71 

mm 

76 

3.25 

.41 

-.10 

-.05 

.51 

2 

17-5 

.8 

lib 

hh 

3.15 

.39 

0 

-.05 

.72 

' 

* 

B1.95 

77 

3.34 

.37 

-.16 

-.38 

.65 

5 

9.3 

.7 

lib 

i - 4 

■■ 

3.17 

• 38 

-.03 

-.08 

.74 

* * 

P2.25 

78 

3-34 

.38 

-.16 

-.24 

.50 

4 

10.7 

1.2 

lib 

wm 

3.16 

• 38 

0 

-.03 

.71 

b2.90 

79 

3.42 

.37 

-.11 

-.11 

.57 

3 

12.0 

1.3 

lib 

3.23 

.35 

0 

>.03 

.86 

B3.60 

80 

3.75 

.40 

>.02 

+ .47 

1.07 

13 

6.0 

1.9 

lib 

■ 

3-53 

.44 

>.07 

+ • 48 

1.09 

A 

■ 

121 

2.56 

.25 

-.08 

-.16 

.76 

1 

15.5 

1.8 

I' 

Hi 

2.42 

.32 

>.13 

>.38 

.75 

* 

C..20 

122 

2.53 

.48 

-.08 

-.23 

.71 

6 

7.3 

3.0 

Ila 

I1H 

2.48 

.58 

-.10 

-.55 

1.02 

|c  .48  123 

2.75 

.53 

-.08 

-.21 

.60 

4 

5.2 

4.2 

Ila 

■ 

2.58 

.58 

0 

-.10 

0.73 

1 

I 


APPENDIX  IB  (cont.) 


[ 

Sample 

K 

Particle-size  Distribution"" 



% 

Mica- 

ceous 

(by 

no. ) 

r~ 

Heavy 

Min- 

eral 

(by 

wt. ) 

“ T 

Car- 

bon- 

ate 

(by 

wt. ) 

tSedi- 

ment 

Type 

*3ta- 

tion 

No. 

Mc^ 

2 i 

C .60 

35 

2.87 

.41 

-.10 

-.05 

.51 

4 

15.9 

1.4 

Ha 

2.72 

• 46 

0 

-.02 

.76 

Cl.  00 

72 

2.67 

.50 

+ .20 

+ .20 

.54 

4 

9.0 

1.0 

Ha 

2.72 

.52 

d 

-.06 

.67 

Cl.  40 

71 

3-15 

.41 

-.15 

-.02 

.59 

3 

15.3 

1.0 

lib 

3.03 

.43 

-.05 

-.02 

.67 

C2.00 

70 

3.31 

.39 

-.20 

-.20 

.54 

2 

5.2 

1.5 

lib 

3.13 

.40 

-.02 

-.12 

.75 

C2.95 

69 

3-23 

.42 

-.17 

-.33 

.64 

<1 

16.0 

.9 

lib 

3.07 

.42 

-.07 

-.17 

•71 

C3.'50 

68 

3.17 

.45 

-.09 

-.16 

.53 

1 

13.9 

.3 

lib 

3.12 

.41 

0 

-.05 

.76 

C4.40 

67 

3.52 

1.27 

♦ .40 

+1.31 

1.51 

10 

3.6 

3.3 

III 

3-51 

1.00 

+ .64 

+2.11 

1.75 

D .08 

114 

2.58 

.24 

-.08 

-.17 

.58 

<1 

7.1 

1.5 

I 

2.40 

.30 

*.17 

+ .30 

.63 

D .17  117 

2.68 

.31 

-.03 

-.09 

.61 

2 

1.7 

1.8 

Ila 

2.50 

.32 

♦ .06 

+ .06 

.70 

D .22  115 

2.65 

.39 

0 

-.08 

.59 

5 

3.3 

2.4 

Ila 

2.50 

.40 

0 

+ .05 

.65 

D .50 

36 

2.56 

.44 

0 

0 

.65 

2 

4.1 

2.1 

Ila 

2.45 

.48 

+ .02 

-.04 

.7° 

D .60  116 

2.62 

.48 

-.04 

-.12 

.69 

1 

6.4 

3.2 

Ila 

2.50 

.48 

-.04 

-.23 

.90 

D1.25 

60 

3.02 

.42 

0 

0 

.65 

5 

10.7 

1.7 

lib 

2.87 

• 47 

+ .02 

+ .06 

.59 

Dl.50 

61 

3.13 

.44 

-.11 

-.16 

.56 

3 

11.8 

1.4 

lib 

■3.00 

.45 

0 

+ .06 

.67 

Dl.80 

62 

3.30 

.39 

0 

-.20 

.65 

9 

11.1 

3.1 

lib 

3.10 

..  sAL 

-.Ql_ 

-.11- 

.80 

IB-3 


APPENDIX  IB  (cont. 


1 

Sample 

I 

J Particle- 

size  Distribution*** 

1 * 
^Mica- 

Heavy 

Min- 

Car- 

bon- 

1 

i 

ceous 

eral 

ate 

tsedi- 

^Sta- 

tion 

No. 

Mcy 

JL l 

_ oC.4 

°<  2d 

(by 
no. ) 

(by 

wt.  ■) 

(by 

Wt.'l 

ment 

Tvoe 

F .07 

107 

2.76 

.27 

-.04 

0 

.59 

1 

24.4 

1.3 

I 

2.72 

.34 

0 

+ .12 

.65 

F .21 

106 

i 2.55 

.30 

+ .03 

+ .03 

.70 

<1 

4.7 

2.5 

Ila 

2.4 2 

.32 

+.06 

*.25 

.81 

F .40 

38 

2.60 

.36 

0 

0 

.65 

2 

3.8 

2.7 

Ila 

2.48 

.38 

+.03 

+ .05 

.79 

F .45 

109 

2.74 

.36 

0 

-.03 

.53 

3 

4.6 

1.7 

Ila 

1 

i 

2.60 

.38 

0 

0 

.65 

;f  .50 

53 

2.93 

.42 

-.02 

0 

.48 

1 

14.7 

1.1 

Ila 

2.86 

.46 

0 

+ • 04 

.59 

F .90 

52 

3.07 

.45 

-.20 

-.09 

.45 

2 

19.2 

1.0 

Ila 

3.03 

• 46 

-.07 

-.13 

.67 

FI. 15 

51 

2.77 

• 44 

+ .02 

-.32 

.61 

2 

13.6 

1.0 

lib 

2.69 

.47 

0 

-.30 

.98 

FI. 45 

50 

3.15 

.43 

+.02 

+ .16 

.63 

20 

9.3 

1.1 

lib 

3.00 

.46 

0 

+ .04 

.74 

G .05 

104 

2.63 

.26 

-.08 

0 

.73 

1 

21.4 

1.6 

I 

2.55 

• 36 

+ .03 

+ .22 

.58 

G .19 

105 

2.60 

• 34 

-.03 

+ .03 

.65 

1 

3.9 

2.3 

Ila 

2.44 

•37 

+ .03 

+ .11 

.73 

G .40 

106 

2.98 

.44 

-.05 

-.14 

.59 

2 

9.8 

2.0 

Ila 

2.89 

.46 

-.02 

-.11 

.56 

G .43 

39 

3.07 

.48 

-.04 

-.15 

.52 

2 

15.8 

1.2 

Ila 

2.98 

• 50 

-.06 

-.06 

. 60***- 

G .65 

49 

3.06 

.41 

-.02 

-.04 

.54 

1 

17.3 

1.0 

Ila 

2.92 

.42 

0 

0 

.65 

G .90 

48 

2.90 

.42 

0 

+ .02 

.60 

2 15.7 

L.l 

Ila 

2.82 

.46 

0 

+ .04 

.70 

1 ^'Sieve  analysis 

shows  blmodal  tendency. 

IB-5 


APPEN DI X IB  (coni.) 


P .02  124 
P .20  125 
P .48  33 
P .52  126 
Pi. 80  83 
P2.10  82 
F3.10  81 


Particle-size  Distribution^  ceous  eral  ate  ( "tsedi- 

PI  (by  (by  (by  ment 

Key  (T  4 Q<  ^ Of  2^  & j no.)|  vt.)  | vt.)  Type 

2.90  .46  0 -.17  .80  1 9.2  1.3  lib 


Key 

4 

2.90 

• 46 

0 

2.78 

.49 

-.04 

3.85 

.54 

♦ .10 

3-30 

.83 

+ .02 

2.88 

.33 

-.27 

2.67 

.34 

0 

2.93 

.43 

-.19 

3.03 

.46 

-.04 

3-07 

.40 

-.18 

3.13 

.42 

-.02 

2.96 

.38 

-.11 

2.96 

.39 

-.18 

2.70 

.26 

+ .04 

2.52 

.32 

+ .25 

2.78 

.34 

-.06 

2.60 

.36 

0 

2.95 

.47 

-.12 

2.74 

.52 

0 

2.67 

.40 

+ .07 

2.56 

.46 

0 

3.34 

.36 

-.11 

3.13 

.36 

0 

3.31 

.37 

-.19 

3.10 

.38 

0 

% 

% 

Heavy 

Car- 

Min- 

bon- 

eral 

ate 

(by 

(by 

vt. ) 

vt. 

-.36  .54  6 

-.03  .73 

-.28  .60  10 

-.65  1.04  4 


-.45 

.92 

14 

V 

-.05 

.57 

2 

V 

-.32 

.50 

2 

V 

-.18 

.69 

3 

V 

+ .12 

.54 

<1 

20.0 

1.4 

I 

+ .38 

.62 

-.03 

.62 

1 

2.5 

.7 

Ila 

0 

.65 

-.25 

.58 

3 

7.8 

1.1 

Ila 

-.15 

.61 

+ .15 

.63 

2 

4.5 

1.3 

Ila 

-.09 

.74 

-.22 

.58 

4 

12.3 

.5 

lib 

+ .03 

.72 

-.11 

.54 

4 

5.9 

1.0 

lib 

1 

• 

O 

vn 

.74 

3.74  .66  + .33  -*1.20  1.32 

3.41  .64  +.33  +1.50  1.70 


8 7.3  1.0  III 


H5KDi:( 


cont. 


Sample 

3ta» 


Particle-alze  Distribution** 

I!cV  <r  i 4 24  & 


% 

% 

% 

Heavy 

Car- 

Mica- 

Min- 

bon-  . 

ceous 

eral 

ate  TSedi- 

(by 

(by 

(by  ment 

no. ) 

wt.) 

vt. ) Type 

R .15 

1 

2.99 

.48 

-.06 

0 

.36 

3 

15.6 

.6 

Ila 

2.90 

.52 

0 

0 

.65 

R .22 

2 

2.94 

.47 

+ .06 

>.13 

.70 

4 

14.8 

.9 

Ha 

2.86 

.46 

0 

0 

• 65 

R .39 

3 

3.12 

• 43 

-.09 

-.14 

.51 

7 

13.9 

.3 

lib 

3.02 

• 44 

0 

+ .02 

. 66 

R .55 

4 

3.14 

.42 

-.05 

-.02 

.50 

4 

13.4 

1.6 

lib 

3.07 

.43 

0 

-.02 

.67 

R .70 

5 

3.12 

.38 

+ .03 

+ .08 

.66 

19 

12.4 

.8 

lib 

3.00 

.42 

0 

+ .10 

.71 

R .86 

6 

3.32 

.44 

-.18 

+ .32 

.96 

20 

9.7 

.8 

lib 

3.10 

.42 

-.05 

-.10 

.83 

R1.17 

7 

3.47 

.53 

+ .23 

15 

8.4 

2.0 

III 

3-33 

.54 

>.17 

Rl.65 

8 

3-45 

.58 

>.16 

18 

10.1 

1.8 

III 

3.30 

.54 

>.19 

3 .05  134 

2.58 

.26 

0 

-.04 

.70 

<1 

I 

2.42 

.30 

>.10 

+.30 

.80 

3 .10  135 

2.55 

.32 

-.03 

-.03 

.63 

2 

Ila 

3 .56 

9 

2.37 

.54 

-.11 

-.17 

1.00 

1 

Ila 

S .85 

10 

3.36 

.37 

-.05 

-.16 

.68 

18 

Ila 

31.40 

11 

3.26 

.53 

+ .02 

+ 2.00 

2.57 

18 

VII 

31.80 

12 

3-45 

.39 

-.10 

>.92 

1.17 

5 

VII 

u .03  132 

2.35 

.22 

+ .04 

>.27 

.68 

<1 

I 

2.24 

.32 

+ .12 

>.31 

.81 

u .10  133 

2.45 

.37 

0 

+ .03 

.70 

2 

Ila 

*3ta- 

tion  No. I Kd, 


■■  1 

% 

Heavy 

Car- 

Min- 

bon- 

oral 

ate 

(by 

(by 

wt. ) 

wt. 

U .90 

17 

2.67 

• 46 

-.04 

-.04 

• 59 

U1.05 

18 

2.88 

.54 

-.02 

-.04 

.48 

U1.55 

19 

3.40 

.41 

-.17 

-.39 

.63 

U1.82 

20 

3.45 

.39 

0 

-.28 

.56 

U2.45 

21 

3.56 

.34 

-.12 

-.34 

.62 

U2.80 

22 

3.51 

.41 

-.36 

-.29 

• 36 

U3.65 

23 

3.61 

.36 

-.16 

-.36 

.67 

v .05 

130  2.52 

.28 

♦ . 07 

♦.25 

.68 

2.47 

.32 

+ .09 

♦.31 

.81 

v .10  131 

2.80 

.42 

-.02 

-.04 

.57 

V .95 

13 

3.02 

• 53 

-.13 

-.21 

.92 

VI. 43 

1A 

3.25 

.42 

-.05 

-.05 

.60 

VI. 68  15  Rock  and  sponge  from  canyon  wall 
VI. 90  16  3.37  .37  -.03  -.05  .70 


Sample 

*Sta- 


APPENDIX  IC 

17  - 18  November  1949,  Beach  and  Bottom  Sediments 


Particle-site  Distribution** 


tion 

No. 

n<y 

<T  4 

=<  2>< 

no 

A .10 

Mostly  rock 

A .48 

3 

2.75 

.40 

0 

-.12 

.72 

3 

A1.00 

88 

3.02 

.38 

-.06 

-.08 

.65 

3 

A1.18 

87 

3.20 

.37 

-.15 

-.20 

.67 

5 

A1.40 

86 

3.28 

.37 

-.09 

-.23 

,63 

5 

Al.65 

85 

3.34 

•38 

-.06 

-.18 

.61 

1 

A2.05 

84 

3-25 

.43 

-.10 

-.11 

.54 

8 

B .07 

118 

2.82 

.27 

0 

• 

1 

0 

.65 

2 

2.59 

.33 

+ .21 

+ .39 

.70 

B .13 

119 

2.88 

.32 

+ .03 

+ .06 

.50 

7 

B .51 

4 

2.81 

.45 

-.07 

-.05 

.46 

3 

B .80 

77 

2.63 

• 37 

-.09 

-.12 

.72 

4 

B1.00 

78 

3.04 

.39 

0 

0 

.67 

5 

B1.40 

79 

3.37 

.35 

-.21 

-.39 

.68 

3 

B1.95 

80 

3.33 

.36 

-.11 

-.28 

.72 

3 

B2.25 

81 

3.37 

.38 

* 

-.14 

-.24 

.52 

3 

B2.90 

82 

3.40 

.37 

-.12 

-.33 

.72 

6 

B3.60 

83 

3.70 

.41 

+ .09 

♦.37 

.78 

5 

c .05 

115 

2.47 

.24 

-.06 

-.10 

.73 

<1 

C .12 

116 

2.47 

.24 

+ .04 

+ .08 

.88 

<1 

--OQ 

+ .07 

+ .30 

APPENDIX  IC  (cont.) 


Sample 

*Sta- 


Particle-size  Distribution^1' 


Mdy  a~ 


1 r % — % 

J % Heavy  Car- 

" Mica-  Min-  bon-  , 

ceous  eral  ate  ^edi* 

- (by  (by  (by  ment 

no.)  wt.)  wt . ) /Type 


C .20  117  2.62  .36  4.03  +.04  .68  1 
C .62  5 2.44  .46  -.12  -.16  .80  2 
C .80  66  2.74  .38  -.18  -.11  .66  5 
C2.00  63  3.25  .39  -.13  -.29  .66  4 
C3.50  59  3.34  .43  -.09  -.19  .57  <1 


C4.20 

57 

3.78 

.52 

♦ .13 

+ 2.16 

2.56 

7 

III 

0 

• 

Q 

112 

2.54 

.31 

0 

0 

.66 

<1 

6.5 

3.1 

I 

2.40 

.34 

+ .06 

+ .24 

.76 

D .09 

113 

2.59 

.30 

-.03 

-.10 

.66 

<1 

4.1 

1.0 

I 

2.45 

• 30 

+ .07 

♦ .13 

.80 

D .11 

114 

2.77 

.29 

0 

-.07 

.55 

2 

4.6 

1.4 

Ila 

2.60 

.31 

+ .03 

+.03 

.65 

D .50 

6 

2.27 

.58 

-.22 

-.50 

.76 

4 

2.8 

8.9 

Ila 

2.10 

.59 

-.15 

-.58 

1.06 

D .90 

45 

2.63 

.37 

0 

+ .05 

.62 

3 

4.9 

2.0 

Ila 

2.4 2 

.40 

+ .10 

+ .18 

.72 

D1.10 

47 

2.88 

.44 

+ .07 

+ .11 

.68 

8 

4.3 

1.5 

Ila 

2.72 

.46 

+ .04 

♦.13 

.56 

Dl.50 

48 

3.0'5 

.48 

+ .02 

0 

.56 

5 

10.5 

1.2 

lib 

2.96 

.47 

+ .02 

+ .12 

.66 

D1.80 

49 

3.15 

.33 

-.06 

# 

-.09 

.79 

8 

6.5 

1.4 

lib 

3.05 

.42 

-.02 

-.07 

.66 

D2.40 

50 

3.31 

.41 

-.17 

-.29 

.64 

10 

11.9 

1.4 

lib 

2.97 

.41 

♦.15 

+ .27 

.66 

D4.40 

52 

3.81 

.45 

+ .02 

+ .65 

1.27 

6 

6.3 

2.0 

lib 

3.43 

.49 

+ .16 

+ .37 

.94 

APPENDIX  IC  (cont.) 


Saanle 

1 

# 

Particle-eite  Distribution** 

* 

Mica- 

ceous 

(67 

no.) 

* 

Heaey 

Min- 

eral 

(b7 
vt. ) 

* 

Car- 
bon- 
ate 
(by 
vt. ) 

^Sedi* 

*sta- 

tion 

No. 

*v 

f* 

°< 

aent 

Ttp« 

04.80 

54 

3.97 

.46 

♦.17 

♦2.45 

2.88 

9 

7.8 

3.5 

III 

3.65 

.56 

*.23 

♦ 2.37 

2.61 

D5.25 

56 

3.96 

.59 

♦ .29 

+ 2.71 

3.03 

9 

7.3 

3.1 

III 

3.72 

• 64 

+ .22 

♦ 2.73 

2.95 

E .13 

109 

2.63 

.25 

-.04 

+ .06 

.74 

<1 

I 

E .19 

110 

2.59 

.31 

+ .06 

♦ .11 

.58 

3 

4.5 

I 

2.43 

.34 

+ .18 

♦ .50 

.65 

E .24 

in 

2.55 

.35 

-.06 

-.07 

.73 

<1 

Ila 

E .45 

7 

2.58 

.42 

-.02 

-.07 

.67 

1 

Ila 

El.  00 

44 

2.88 

.39 

0 

-.10 

.51 

4 

Ila 

E2.0O 

41 

3.02 

.37 

-.03 

0 

.62 

3 

lib 

E4.40 

39 

3.76 

.48 

+ .08 

+ 1.12 

1.50 

6 

III 

E4.0O 

37 

3.82 

.48 

+ .08 

+1.10 

1.60 

7 

III 

E5.20 

36 

3.80 

.54 

+ .22 

+ 1.28 

1.54 

7 

III 

E5.50 

34 

3.78 

.74 

+ .38 

♦.97 

.96 

III 

F .10 

106 

2.68 

.29 

0 

♦ .14 

.58 

4 

I 

F .15 

107 

2.94 

.35 

-.10 

-.13 

.54 

10 

I 

2.73 

.35 

0 

-.14 

.83 

F .20 

106 

2.64 

.35 

0 

-.06 

.75 

3 

Ila 

F .50 

8 

2.83 

.34 

0 

-.03 

.63 

<1 

Ila 

FI.  10 

74 

3.02 

.42 

+ .06 

♦ .05 

.65 

3 

lib 

F1.25 

75 

3.08 

.38 

0 

-.14 

.67 

4 

lib 

F1.45 

76 

3.21 

.45 

-.08 

0 

.70 

id 

11b 

APPENDIX  IC  (cont.) 


Sample 

i 

Particle-eize  Distribution'*** 

, % 
Mica- 
ceous 
(by 
no.) 

* 

Heavy 

Min- 

eral 

(by 

vt.) 

* 

Car- 

bon- 

ate 

(ty 

vt. 

tsedi- 

sent 

) Type 

*Sta- 

tion 

No. 

Md^  (T4 

4 <V  2d  & 4 

G .06 

103 

2.58  .32 

-.09 

0 .66 

<1 

I 

G .12 

104 

3.00  .38 

-.21 

-.37  .60 

6 

I 

2.80  .34 

0 

-.12  .88 

G .21 

105 

2.80  .44 

-.07 

-.03  .69 

5 

Ha 

G .45 

9 

2.90  .37 

-.03 

♦ .08  .89 

2 

Ila 

G .90 

73 

2.95  .a 

-.02 

-.13  .66 

3 

Ila 

G1.15 

72 

3.15  .45 

-.10 

-.26  .78 

15 

lib 

G1.32 

71 

6.95  4.24 

♦ .38 

(Hard  packed  with  worn  borings) 

G1.55 

70 

3.60  2.65 

♦ .56 

3 

III 

H .01 

100 

2.49  .34 

♦ .21 

.53  .68 

4 

V 

2.77  .29 

0 

0 .86 

H .07 

101 

2.64  .57 

-.33 

-.69  .78 

4 

V 

H .32 

10 

2.76  .56 

-.22 

-.63  .76 

3 

V 

H .63 

29 

2.93  .44 

-.12 

-.56  .90 

4 

V 

H .90 

28 

2.90  .40 

-.07 

-.27  1.05 

2 

V 

HI. 15 

27 

2.88  .54 

-.10 

-.52  .97 

2 

V 

Hi. 40 

26 

2.87  .70 

-.16 

-,U  .76 

4 

V 

Hi. 70 

25 

2.93  1.03 

-.30 

-.15  1.11 

3 

V 

H2.00 

24 

Soe  LC-7,  App 

II 

H2.75 

23 

See  LC-8,  App 

II 

I .50 

32 

.84  .46 

-.26 

-1.37  1.20 

<1 

V 

11.00 

11 

3.15  .45 

-.22 

-1.15  1.41 

1 

V 

IC-4 


APPENDIX  IC  (cont.) 


APPENDIX  ID 


15  - 16  March  1950,  Beach  and  Bottom  Sediments 


Sample 

1 % 
Mica- 

Parti  cle-size  Distribution#*  |ceous 

% * 

Heavy  Car- 
Kin-  b on- 
er al  ate 

^edi 

* Sta- 
tion 

No. 

Mdv 

0"  4_ 

(by 
no. ) 

(by  (by 

wt.)  wt. ) 

ment 

Type 

A .01 

Mostly  rock. 

no  sand 

A .82 

82 

2.63 

.37 

-.03 

-.08 

.84 

1 

U.3 

Ila 

Al.00 

81 

2.85 

.43 

+ .05 

-.18 

.63 

2 

n.t 

Ha 

A1.20 

80 

2.94 

.41 

-.02 

-.02 

.66 

1 

\3.3 

lib 

Al.40 

79 

3.08 

.40 

-.16 

-.13 

.59 

3 

\<o.l 

lib 

Al.65 

78 

3.04 

.40 

-.06 

-.07 

.70 

3 

12.3 

lib 

A2.05 

77 

3.23 

.41 

-.08 

-.19 

. 64 

2 

(»  . (o 

lib 

B .04 

18 

2.48 

.24 

-.04 

-.06 

.60 

1 

18.4 

I 

B .12 

17 

2.68 

.26 

0 

0 

.66 

<1 

36.2 

I 

2.48 

.30 

♦ .17 

♦ .47 

.73 

B .26 

16 

2.47 

.34 

-.06 

-.10 

.72 

<1 

5.0 

Ila 

Bl.00 

76 

2.52 

.a 

-.14 

-.49 

.90 

1 

8.4 

Ila 

B1.12 

75 

2.78 

.41 

♦ .08 

♦ .19 

.54 

2 

10.4 

lib 

B1.22 

74 

3.00 

.40 

-.05 

-.01 

.59 

3 

14.5 

lib 

Bl.40 

73 

3.14 

.38 

-.05 

-.04 

.59 

<1 

\3.7 

lib 

Bl.95 

72 

3.32 

.37 

-.05 

-.26 

.69 

5 

3.1 

lib 

B2.25 

71 

3.37 

.36 

-.19 

-.26 

.54 

6 

10.8 

lib 

B3.00 

69 

3.38 

.45 

-.07 

♦ .04 

.73 

2 

\4.3 

lib 

B3.60 

70 

3.68 

.a 

♦ .07 

♦.17 

.68 

5 

3,1 

lib 

APPENDIX  ID  (cont.) 


Staple 



# 

Particle-ei*e  Distribution#* 

* 

Mica- 
ceous 
(by 
no. ) 

% 

Heavy 

Min- 

eral 

(by 

* 

Car- 

bon- 

ate 

(by 

wt.) 

feedi- 

aent 

Type 

^Sta- 

tion 

No. 

Ft 

°<  H 

o 

• 

o 

21 

2.56 

.26 

-.06 

-.02 

.64 

2 

Zl.\ 

I 

C .08 

20 

2.49 

.24 

0 

+ .02 

.60 

1 

17.3 

I 

2.4 2 

.28 

♦ .14 

>.43 

.86 

C .21 

19 

2.53 

.31 

-.08 

-.08 

.70 

1 

6.3 

Ila 

C .80 

68 

2.74 

.46 

0 

-.12 

.68 

1 

14.0 

Ila 

Cl.  10 

67 

2.60 

.39 

♦ .05 

-.01 

.86 

<1 

3.4 

Ila 

Cl.  40 

66 

3.00 

.39 

-.04 

-.01 

.71 

1 

10.0 

lib 

Cl.  46 

65 

3.04 

.37 

-.08 

-.16 

.70 

9 

10.1 

lib 

C2.00 

64 

3.23 

.40 

-.12 

-.14 

.56 

4 

37 

lib 

C2.95 

63 

3.24 

.45 

0 

+ .15 

.74 

2 

Mo. 7 

lib 

C3.50 

62 

3.30 

.45 

0 

♦ .14 

• 70 

2 

IS.l 

lib 

C4.45 

61 

3.95 

.52 

+ .08 

>1.37 

1.84 

10 

H.B 

III 

D .02 

11 

2.41 

.25 

-.04 

-.12 

.72 

<1 

19.1 

4.6 

I 

2.32 

.30 

♦.13 

>.43 

.83 

D .10 

10 

2.50 

.24 

0 

-.12 

.62 

<1 

13.0 

2.7 

I 

2.34 

.32 

♦.19 

>.25 

.75 

D .22 

9 

2.28 

.35 

+ .06 

0 

.71 

<1 

2.7 

3.0 

Ila 

2.14 

.39 

+ .05 

0 

.79 

Dl.25 

60 

2.82 

.40 

0 

0 

.70 

6 

8.7 

2.2 

Ila 

2.66 

.41 

+ .07 

>.10 

.70 

Dl.50 

59 

2.96 

.46 

0 

+ .22 

.76 

10 

7.5 

2.1 

lib 

2.80 

.43 

0 

0 

.67 

D1.80 

58 

3.10 

.49 

+ .02 

+ .18 

.83 

9 

8.0 

2.0 

lib 

3.02 

.48 

0 

-.02 

.69 

D2.40 

57 

3.28 

.40 

-.10 

-.12 

.60 

11 

11.7 

1.1 

lib 

3.10 

.40 

-.08 

-.15 

.70 

APPENDIX  ID  (cont.) 


Sac  pit 

1 

# 

Parti&e-sise  Distribution** 

% 

Mica- 

ceous 

(by 

no.) 

Heary 

Min- 

eral 

(by 

vt.) 

Car- 

bon- 

ate 

(by 

wt.) 

hedi- 

■ent 

Type 

♦sta- 

tion 

No, 

cr  4 

d °<2d 

#4 

D2.85 

56 

3.22 

.38 

0 

-.08 

.68 

1 

15.1 

1.5 

lib 

2.92 

.38 

0 

-.16 

.84 

D3.75 

55 

3.30 

.45 

+ .02 

♦ .09 

.69 

2 

15.0 

1.0 

lib 

3.10 

.38 

-.03 

-.03 

.71 

D4.00 

54 

3.56 

.40 

♦ .02 

♦ .02 

.72 

6 

7.5 

1.4 

lib 

3.20 

.39 

♦.13 

♦.74 

1.18 

D4.40 

53 

3.88 

*46 

♦ .09 

♦1.59 

2.13 

7 

7.5 

2.7 

lib 

3.48 

.50 

♦ .18 

♦1.80 

2.24 

D5.25 

52 

3.88 

.56 

♦ .18 

♦2.08 

2.48 

10 

8.8 

3.0 

III 

3.57 

.61 

>.33 

♦ 2.28 

2.34 

E .07 

8 

2.58 

.23 

-.06 

-.04 

.79 

1 

38.2 

I 

E .14 

7 

2.60 

.24 

-.06 

-.06 

.73 

<1 

11.2 

I 

2.44 

.27 

♦.19 

♦.44 

.85 

El.  00 

51 

2.63 

.37 

0 

-.01 

.85 

<1 

10.6 

lie 

El. 25 

50 

2.67 

.42 

♦ .18 

♦ .20 

.52 

1 

ll.L 

lie 

El. 45 

49 

2.85 

.44 

♦ .11 

♦ .40 

.83 

1 

\2.0 

lib 

El.  65 

48 

2.93 

.a 

-.05 

-.12 

.47 

2 

9.B 

13b 

E2.00 

47 

3.17 

.50 

-.10 

-.17 

.67 

35 

8.9 

lib 

E2.80 

46 

3.00 

.36 

♦ .01 

♦ .12 

.57 

4 

l\.3 

lib 

E3.40 

45 

3.08 

.41 

♦ .02 

♦ .02 

.66 

3 

10.8 

0.9 

lib 

2.96 

.42 

0 

0 

.65 

E4.38 

44 

3.57 

.52 

♦ .04 

♦.73 

1.25 

8 

8.3 

2.0 

III 

3.25 

.40 

♦ .05 

♦ .08 

.90 

E5.50 

43 

3.80 

1.07 

♦ .42 

♦ .98 

.94 

8 

5.7 

III 

2.66 

.27 

-.04 

-.04 

.56 

2 

2.67 

.28 

0 

-.05 

.70 

1 

2.48 

.30 

♦ .20 

♦ .40 

.73 

H.7 


I 


I 


F .07  4 

F .18  3 


1 


7.3 


I 


i 


APPENDIX  ID  (cont.) 


Sample 

# 

Particle-eiae  Distribution** 

* 

Mica- 

ceous 

(by 

no.) 

i 

Heavy 

Min- 

eral 

(by 

wt. ) 

4 

Car- 

bon- 

ate 

(by 

wt.) 

^Sedi- 

ment 

Type 

#Sta- 
tlon  No. 

Md, 

0? 

4 

P .80  42 

2.53 

.42 

+ .06 

+ .14 

.67 

1 

8.7 

Ha 

F .95  41 

2.55 

.39 

+ .06 

+ .11 

.68 

1 

c..t 

Ila 

FI. 15  40 

2.74 

.40 

-.02 

+ .02 

.57 

3 

U-8 

lib 

F1.25  39 

2.83 

.36 

0 

0 

.66 

lib 

FI. 65  38 

3.27 

.50 

+ .06 

+ .32 

1.02 

7.8 

III 

3.14 

.53 

+ .08 

-.42 

.96 

0 .06  2 

2.54 

.28 

+ .02 

+ .10 

.75 

<1 

9.2 

I 

2.4 2 

.28 

+ .07 

+.29 

.86 

G .15  1 

2.56 

.33 

-.03 

-.04 

.74 

Cl 

7.7 

Ila 

G .70  36 

2.67 

.32 

-.06 

0 

.76 

<1 

15.5 

Ila 

G .90  37 

2.77 

.33 

+ .10 

+ .01 

.69 

2 

Uc.B 

Ila 

< 

H .00  6 

2.01 

.84 

-.14 

-.43 

.62 

<1 

V 

H .10  5 

2.56 

.61 

-.29 

-.87 

.97 

<1 

3.0 

V 

2.48 

.80 

-.43 

-.63 

.58 

H .38  35 

2.63 

.67 

-.36 

-.67 

.70 

1 

10.0 

V 

H .60  34 

2.98 

.39 

-.16 

-.60 

.96 

3 

13.7 

V 

H .90  33 

2.83 

.39 

-.10 

-.36 

.92 

1 

\2.a 

V 

HI. 40  32 

2.98 

.45 

-.07 

-.22 

.96 

4 

8.0 

2.3 

V 

2.79 

.46 

-.02 

-.78 

1.67 

11.00  28 

3.05 

.45 

-.18 

-.76 

1.11 

2 

13.6 

2.2 

V 

2.92 

.45 

-.04 

-.80 

1.31 

11.35  29 

3.23 

.41 

-.27 

-.74 

1.01 

1 

V 

11.80  30 

2.85 

.77 

-.42 

-.65 

.53 

1 

V 

12.40  31 

1.28 

1.07 

+ .46 

+ .5p_ 

.34 

A 

(bimodal) 

V 

ID-4 


APPENDIX  ID  (cont.) 


' % Heavy  Car- 

Mica-  Min-  bon-  . 

Sample  Particle-size  Distribution**  ,ceous  sral  ate  *Sedi- 

*3ta- — : ; ^ — (by  (by  (by  aent 


*Sta- [—7.  — ~ k KOj  ■•m, 

tion  No.  M<V  <T  J ^ 4 Q(  2 4 f3  4 no.)  I wt.)  wt . )|  Type 

P .05  14  2.49  . 22  +.02  +.04  .73  <1  20.1  I 

2.39  .30  *.13  +.37  .80 

P .10  13  2.60  .28  0 0 .71  1 I 


R .36  27  2.68 
H .55  26  2.97 
R .70  22  2.72 
R .86  23  3.02 
Rl.17  24  3.00 
Rl.52  25  3.15 

S .12  101  2.43 

s .65  103  2.52 
s .80  102  2.82 
SI. 05  104  2.88 
SI. 40  105  3.15 


-.03 

-.09 

• 64 

1 

9.6 

Ila 

+ .03 

♦ .25 

.62 

1 

15.5 

Ila 

0 

♦ .03 

.86 

7 

10.  l 

lib 

+ .03 

♦ .02 

.80 

2 

15.3 

lib 

♦ .05 

♦ .04 

.74 

3 

\4.7 

lib 

0 

-.02 

.71 

6 

133 

lib 

♦ .02 

♦ .02 

.67 

5 

H/2L 

lib 

-.11 

-.27 

.69 

1 

I 

♦.15 

♦ .27 

.53  | 

4 

Ila 

♦ .06 

♦ .12 

.67 

31 

na 

♦ .06 

♦ .08 

.69 

1 

VII 

♦ .05 

♦.13 

.65 

13 

VII 

-.04 

-.16 

.70 

<1 

I 

-.10 

-.28 

.63 

<1 

10.5 

I 

♦ .14 

♦.36 

.86 

•r.06 

*.15 

.63 

3 

Ila 

-.10 

-.28 

.78 

4 

lib 

-.15 

♦ .54 

.92 

4 

lib 

0 

e 

t 

-.19 

.70 

4 

lib 

-.06 

-.15 

.59 

3 

lib 

9-11  May  1950 

APPENDIX  IE 

Bosch  snd  Bottas  Sodloonts 

Saaplo 

I 

« 

Particlo-siss  Distribution**  | 

* 

Mlca- 

coous 

(br 

no.) 

Hoary 

Min- 

oral 

(by 

wt.) 

Car-7 

bon- 

ato 

(by 

wt.) 

^Sodi- 

■ont 

Typo 

*3ta- 

tlon 

No. 

K<V 

C35f 

^4 

<&4  & 

A .00  to  A 

Mostly  rock. 

no  sand 

A .50 

73 

2.72 

.42 

-.02 

0 

.62 

1 

£2.0 

Ila 

A .70 

74 

2.64 

.43 

0 

0 

.58 

1 

2.1.0 

Ila 

A .82 

75 

2.56 

.43 

0 

0 

.06 

1 

12.0 

na 

Al.00 

76 

2.03 

.39 

0 

♦ .0? 

.56 

2 

M 

Ha 

A1.20 

77 

3.06 

.45 

0 

♦ .07 

.58 

1 

ZlL 

lib 

A1.40 

78 

3.10 

.42 

-.09 

—.10 

.62 

2 

15.4, 

lib 

Al.65 

79 

3.24 

.a 

-.17 

-.20 

.66 

3 

n.i 

lib 

A2.20 

00 

3.48 

.46 

-.02 

10 

(3.7 

lib 

B .10 

4 

2.61 

.28 

0 

0 

.67 

1 

12.1 

I 

2.47 

.31 

♦•13 

♦.35 

.77 

B .15 

3 

2.57 

.27 

-.04 

-.04 

.74 

<1 

1.8 

I 

B .78 

72 

2.45 

.44 

0 

-.14 

.86 

1 

8.2. 

Ila 

Bl.00 

71 

2.63 

.39 

-.05 

-.41 

1.13 

1 

\2.1 

Ila 

Bl.12 

70 

3.10 

.45 

-.13 

-.09 

.49 

2 

21.+ 

lib 

Bl.22 

69 

3.14 

.44 

-.14 

-.14 

.57 

2 

13.2 

lib 

B1.40 

68 

3.32 

.37 

-.11 

-.38 

.92 

2 

17.4 

lib 

B1.95 

67 

3.38 

.36 

-.17 

-.22 

.61 

4 

14.5 

lib 

B2.25 

66 

3.38 

.34 

-.21 

-.26 

.65 

4 

12.4 

lib 

B2.90 

65 

3.42 

.36 

-.17 

-.22 

.67 

2 

(1.8 

lib 

APPENDIX  IE  (cont.) 


i,  * * ■ * 

* tV  ' 


Sample 

h 

Particle-eite  Distribution**  c 

* 

liCA— 

>•0*18 

by 

no. ) 

T~ 

Herry 

Min- 

eral 

(by 

vt. ) 

sh 

Car- 

bon- 

ate 

(by 
vt. ) 

f Sedi- 
ment 

Typ« 

•*5ia- 

tion 

No. 

<y  4 

24  (5  4 

o 

• 

o 

V/l 

7 

2.65 

..24 

-.08 

-.25 

.63 

<1 

^5.0 

I 

2.56 

.33 

+ .21 

+.48 

.76 

C .14 

6 

2.63 

.27 

-.04 

-.07 

.70 

^1 

\5.8 

I 

C .20 

5 

2.62 

.30 

-.03 

-.07 

.67 

<1 

l3.t> 

I la 

C .45 

55 

2.52 

.33 

-.06 

-.12 

.76 

1 

e>A 

Ila 

C .60 

56 

2.47 

.34 

0 

+.03 

• 76 

1 

n.i 

Ila 

C .00 

57 

2.28 

.44 

-.20 

-.64 

1.00 

1 

5.3 

Ila 

Cl. 10 

58 

2.93 

.44 

+ .02 

+ .09 

.57 

2 

15.0 

lib 

C1.40 

59 

3.17 

.45 

-.02 

-.04 

.42 

2 

V3.3 

lib 

Cl.  52 

60 

3.28 

.41 

-.10 

-.23 

•57 

2 

lib 

C2.00 

61 

3.28 

.40 

-.05 

-.18 

.65 

3 

lo.5 

lib 

C2.95 

62 

3.23 

.42 

-.10 

-.19 

.57 

2 

13.3 

lib 

C3.60 

63 

3.34 

.40 

-.01 

-.01 

.58 

2 

l(o.3 

lib 

C4.40 

64 

3.90 

.54 

+ .22 

+1.67 

1.96 

8 

10.3 

III 

D .10 

9 

2.63 

.26 

-.11 

-.19 

.61 

3 

26.7 

2.1 

I 

2.50 

• 35 

♦.13 

+ .26 

.63 

D .18 

8 

2.53 

.30 

-.10 

-.13 

.63 

3 

10.4 

2.1 

Ila 

2.40 

.32 

♦.13 

♦.19 

.75 

D .80 

54 

2.43 

.43 

+ .05 

+ .12 

.81 

3 

2.7 

2.1 

Ila 

2.30 

.42 

+ .05 

+ .10 

.90 

Dl.10 

53 

3.01 

.a 

+ .02 

+ .02 

.63 

15 

6.0 

1.7 

lib 

2.78 

.44 

0 

+ .09 

.72 

D1.25 

52 

2.98 

.42 

0 

+ .03 

.60 

12 

5.1 

1.7 

lib 

2.78 

.45 

0 

+ .04 

.64 

D1.50 

51 

3.05 

•44 

-.02 

+ .04 

• 65 

10 

8.0 

1.2 

lib 

-.2.9 Q 







-2 


IE 


APPENDIX  IE  (cont.) 


Sample 

Particle-size  Distribution**  c 

.ica- 

eous 

by 

no.) 

% 

Heavy 
Min- 
eral 
(by 
wt. ) 

% 

Car- 

bon- 

ate 

(by 

wt.) 

1 Sedi- 
ment 
Type 

^Sta- 

tion 

No. 

0* 

0^ 

pv 

D1.80 

50 

3.13 

.45 

-.07 

-.11 

. 64 

3 

5.7 

1.0 

lib 

2.95 

.44 

-.02 

-.04 

.72 

D2.40 

49 

3.29 

.41 

-.17 

-.27 

.58 

3 

11.6 

0.8 

lib 

3.08 

.40 

-.08 

-.12 

.68 

D2.85 

48 

3.28 

.38 

-.05 

-.11 

.63 

2 

14.3 

0.9 

lib 

3.05 

.38 

-.03 

-.03 

.73 

D3.75 

47 

3.24 

.42 

-.05 

-.24 

.71 

1 

14.8 

1.2 

lib 

3.02 

.42 

+ .02 

+ .05 

.67 

l 

o 

• 

-*• 

Q 

46 

3.78 

.51 

+ .16 

+1.68 

2.03 

7 

7.0 

1.5 

III 

3.48 

.54 

+ .26 

+1.74 

2.11 

D5.25 

45 

4.03 

.62 

+ .19 

2.13 

2.47 

III 

E .18 

11 

2.60 

.28 

-.07 

-.07 

.57 

1 

^ 8 

I 

2.44 

.29 

+ .10 

♦.34 

. .80 

E .20 

10 

2.52 

.27 

-.04 

-.07 

..66 

1 

5.7 

I 

El.  00 

44 

2.83 

.39 

0 

0 

.49 

1 

19.2. 

Ila 

El. 25 

43 

2.89 

.39 

-.03 

-.03 

.54 

2 

\B.4 

lib 

El.45 

42 

2.90 

.38 

0 

+ .02 

.55 

2 

n.\ 

lib 

El.65 

41 

2.98 

.39 

-.13 

-.18 

.64 

2 

3.8 

lib 

E2.00 

40 

3.13 

.56 

— • 12 

-.11 

.52 

45 

3.3 

lib 

2.98 

.60 

-.13 

-.25 

.67 

E2.80 

39 

3.02 

.39 

0 

+ .03 

.54 

3 

n.e 

lib 

E3.40 

38 

3.14 

.42 

-.14 

-.14 

.59 

3 

13.5 

lib 

E4.40 

37 

3.80 

.58 

+.24 

+ 1.91 

2.15 

7 

6.7 

III 

E5.55 

36 

4.07 

1.73 

'.52 

+ .84 

.90 

6 

to.  | 

III 

IE-3 


APPENDIX  IE  ( oont . ) 


Sample 
"*Sta- 
tlon  No. 


Particle-alae  Distribution** 

M<V  <J4  ofy  0<2^  (Sf 


% 

% 

u % 

Hea*y 

Car- 

fydca- 

Min- 

bon- 

iceoue 

eral 

ate 

'(by 

(by 

(by 

no. ) 

USL0_ 

Itsedi- 

ment 

1M 


U.5 


F .08 

15 

2.68 

.25 

2.54 

• 27 

F .18 

14 

2.56 

.27 

F .80 

35 

2.52 

.37 

F .95 

34 

2.77 

.46 

FI.  15 

33 

2.88 

.40 

FI. 25 

32 

3.08 

• 38 

FI. 65 

31 

3.21 

.54 

G .10 

13 

2.39 

• 44 

2.27 

.42 

G .22 

12 

2.60 

.30 

G .70 

29B 

2.77 

• 37 

G .82 

29/ 

2.83 

.38 

G .90 

30 

2.85 

.39 

G1.15 

28 

3.08 

.38 

G1.45 

27 

3.08 

.76 

H .15 

17 

2.66 

.50 

2.55 

.60 

H .20 

16 

2.57 

.54 

H .40 

26 

3.12 

.37 

H .60 

25 

2.98 

.42 

H .90 

24 

2.96 

.41 

Hi. 40 

23 

2.64 

.86 

Hl.43 

22 

Mud  with 

one 

0 

♦ .04 

.60 

♦ .11 

♦.33 

.81 

-.04 

-.07 

.67 

1 

e 

0 

UJ 

0 

.77 

♦ .09 

♦.13 

.47 

-.03 

0 

.53 

-.05 

-.05 

.58 

♦.09 

♦ .89 

- 1.20 

-.28 

-.62 

.83 

-.14 

-.31 

.86 

-.04 

-.07 

.69 

-.03 

0 

.54 

0 

0 

.53 

0 

♦ .08 

.46 

-.02 

♦ .16 

.82 

-.25 

-.89 

1.73 

-.21* 

-.78 

.90 

-.35 

-.75 

.87 

-.23 

-.63 

.72 

-.25 

-.33 

1 

.57 

-.16 

-.36 

.70 

-.20 

-.39 

.83 

-.33 

-1.42 

1.36 

pebble 


1 

8.0 

I 

1 

(o.t> 

Ha 

1 

W.5 

Ha 

5 

lib 

3 

\\.l 

lib 

5 

4-8 

III 

1 

U.2. 

Ha 

1 

S.5_ 

Ila 

<1 

\4.l 

Ha 

1 

N5.0 

II* 

Cl 

\37 

Ila 

3 

1.7 

lib 

3 

B.8 

VII 

2 

39.  t 

V 

2 

V 

5 

V 

2 

14. 

V 

1 

U.4 

V 

1 

9.\ 

V 

5 
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APPENDIX  IE  (cont.) 


SttBl* 

r 

Particle-else  Distribution**  1 

* 

Mica- 

ceous 

(by 

no.) 

* 

Hoary 

Min- 

eral 

(67 
vt. ) 

* 

Car- 
bon- 
ate 
(b7  . 

wt. ) 

♦sedi- 

ment 

Type 

*Sta- 

tion 

No. 

Md^ 

<9 

ft 

11.00 

21 

3.17 

.48 

-.31 

-.89 

1.09 

2 

V 

11.35 

20 

3.25 

.66 

-.52 

-.94 

.68 

6 

V 

11.80 

19 

2.79 

.49 

-.44 

-.83 

.72 

1 

V 

12.25 

18 

1.13 

.27 

♦ .22 

4.85 

1.15 

<1 

V 

.98 

.34 

4.26 

41.06 

1.21 

P .07 

2 

2.54 

.28 

-.07 

-.20 

.67 

<1 

15.4 

I 

2.38 

.32 

4.12 

4.38 

.78 

P .12 

1 

2.52 

.30 

-.07 

-.23 

.67 

<1 

14.1 

Ila 

R .12 

81 

2.64 

.43 

4.02 

4.09 

.58 

1 

l&o 

Ila 

R .22 

82 

2.68 

.41 

4.07 

♦.15 

.61 

1 

n.i 

Ila 

R .36 

83 

2.80 

• 44 

-.09 

-.02 

.50 

1 

2H.o 

Ila 

R .55 

84 

3.20 

.40 

-.08 

-.02 

.6 

6 

l\.£ 

lib 

R .70 

85 

3.03 

.44 

-.04 

4.07 

.57 

2 

lib 

R .86 

86 

3.02 

.43 

-.02 

4.02 

.51 

1 

lib 

R1.17 

87 

3.30 

.42 

-.07 

-.14 

.62 

7 

lib 

Rl.52 

88 

3.30 

.40 

-.18 

-.31 

.77 

2 

lib 

3 .00 

No  sand,  all  ro$k  and  cobble 

S .55 

92 

2.45 

.48 

4.02 

0 

.75 

3 

Ila 

S .82 

91 

2.82 

.50 

4.06 

4.18 

• 56 

6 

Ila 

Si. 00 

90 

3.27 

.32 

0 

0 

.71 

2 

VII 

Si.  40 

89 

2.23 

.42 

-.17 

-.29 

.74 

4 

VII 

31.85 

93 

3.54 

.21 

-.05 

-.27 

.91 

4 

VII 

US-5 


APPENDIX 


Sample 

Particle-size 

Disti 

#3ta- 
tion  No. 

0? 

U .02  108 

2.39 

.30 

-.13 

2.22 

.28 

0 

U .12  107 

2.25 

•a 

-.20 

U1.10  106 

2.87 

.45 

-.02 

U1.55  105 

3.28 

.43 

-.19 

U1.85  104 

3-32 

• 44 

0 

U2.15  100 

3.58 

.34 

-.21 

U2.80  99 

3.54 

.33 

-.12 

V .08  110 

2.51 

.25 

-.04 

2.46 

.31 

+ .09 

V .18  109 

2.39 

.31 

i 

• 

o 

o 

V .80  98 

2.63 

• 48 

0 

V .95  97 

2.57 

.42 

0 

VI. 15  96 

2.91 

• 44 

+ .27 

VI. 45  95 

3.20 

.62 

+ .06 

2.72 

.96 

-.23 

VI. 65  94 

3.65 

.55 

+ .07 

IS-6 


17  and  20 


Sample 

Particle-siz 

* Sta- 
tion 

No. 

CTfi 

D .08 

30 

2.4 2 

.30 

2.15 

.35 

D .15 

29 

2.57 

.31 

2.46 

.34 

D .32 

28 

2.27 

.52 

2.12 

.63 

D .60 

27 

2.70 

.47 

2.56 

.47 

D .90 

26 

2.50 

.42 

2.37 

.52 

D1.25 

25  I 

2.90 

.41 

2.80 

.40 

D1.80 

24 

3.25 

.40 

2.97 

.36 

D2.40 

8b 

3.40 

.37 

3.12 

.35 

D2.65 

7b 

3.35 

.36 

3.10 

.35 

D2.85 

6b 

3.28 

.36 

3.10 

.35 

rD3.10 

5b 

3.35 

.39 

3.10 

.37 

D3.40 

4b 

3.30 

.39 

3.10 

.35 

D3.70 

3b 

3.30 

.37 

3.10 

.38 

APPENDIX  IF 


y 


;e 


1951,  Beach  and  Bottom  3edioenta 


# 

Distribution-** 

c4  cki  (24 


i 

% 

% 

Heavy 

Car- 

Mica- 

Min- 

bon- 

feedi- 

ceous 

eral 

ate 

(by 

(by 

(by 

ment 

no. ) 

wt. ) 

wt. ) 

Type 

-.20 

0 

• 

1 

.77 

<1 

I 

0 

-.06 

.60 

r^v 

O 

• 

1 

-.10 

.67 

<1 

Ila 

0 

•*-.03 

.68 

-.37 

-.63 

.80 

4 

Ila 

-.22 

-.54 

•79 

-.06 

-.21 

.64 

1 

Ila 

-.08 

-.28 

.83 

-.02 

-.02 

.76 

2 

Ila 

-.10 

-.08 

.60 

•*•.02 

-.07 

.58 

1 

lib 

+ .05 

♦ .05 

.75 

-.20 

-.37 

.62 

5 

lib 

-.03 

-.08 

.74 

-.16 

—.46 

.70 

4 

lib 

-.06 

-.23 

.90 

-.11 

-.28 

.72 

1 

lib 

0 

-.11 

.86 

1 

-.14 

-.36 

.75 

1 

lib 

-.09 

-.20 

.80: 

-.03 

-.18 

.74 

lib 

-.08 

-.16 

.89 

-.10 

-.26 

.67 

2 

lib 

0 

-.14 

.94 

-.16 

-.38 

.73 

1 

lib 

-.05 

-.11 

.82 

IF-l 


APPENDIX  IP  (cont.) 


Sample 

# 

Particle-aiie  Distribution** 

% 

Mica- 
ceous 
(by 
no. ) 

$ 

Heavy 

Min- 

eral 

(*>7 

wt. ) 

•?  7 

fsedi- 

ment 

Type 

* Sta- 
tion 

No. 

K«V 

<3? 

D3.95 

2a 

3.38 

.41 

0 

>.10 

.90 

2 

lib 

3.15 

.36 

-.06 

>.08 

.83 

D4.10 

2b 

3.40 

.41 

0 

♦.15 

1.02 

2 

lib 

3.15 

.35 

0 

-.06 

.88 

D4.35 

lb 

3-71 

• 46 

>.05 

>.74 

1.41 

3 

III 

3.27 

.47 

>.36 

>.32 

.70 

IF-, 
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Particle-sixe  Distribution 
and 

Values  of  Selected  Sediment  Component 
for 


Supplementary  Samples 
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H*Frcm  vertical  Motion  in  Recant  23  foot  alluvial  cliff  between  Ranges  C and  D.  Samples  fr 
bottom  to  top  strata  are  (Carter,  1950,  fig.  3):  soil  horizon  high  in  humus,  samples  1-3,  13 
buried  soil  horizon,  4-6,  15,  16;  buried  clay  - B,  7-9,  17-20,  modern  soil,  10-12,  21-24. 
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and 


Beach  Foreshore  Slope 


APPENDIX  III 

SAND-SIZE  AND  BEACH  FORESHORE  SLOPE 


Sample 

*YAl 

Sieve 

Sta- 

tion 

Date  No. 

G 

1 July  49-105 

2.57 

25  Aug  49-104 

2.55 

17  Nov  49-104 

2.80 

30  Dec  49-  2 

2.29 

3 Jan  50-  2 

2.47 

15  Mar  50-  2 

2.42 

9 Kay  50-  13 

2.27 

H 

1 July  49-108 

2.93 

25  Aug  49-101 

2.67 

49-100 

49-  1 

50-  1 
50-  5 
50-  17 


2.77  2.9 

2.47  3-8 
2.39  1.3 

2.48  1.5 
2.55  3.0 

.67  9.6 
.54  8.6 
.70  9.5 

.43  13.4 
.64  7.2 
.62  7.7 
.59  6.7 
.54  7.2 


APPEV nIX  III  (cont.) 


SAND-SIZE  AND  BEACH  FORESHORE  SLOPE 


Sample 

Sieve 

Slope 
in  De- 
grees 

Sta- 

tion 

Date 

No. 

S 

25 

Aug 

49^I3V 

~S74T 

5.5 

15 

Dec 

49- 

12 

(See  TB-12) 

TB-1 

15 

Dec 

49- 

1 

2.10 

4.6 

TB-2 

15 

Dec 

49- 

2 

2.21 

4.6 

TB-4 

15 

Dec 

49- 

4 

2.23 

3.8 

TB-5 

15 

Dec 

49- 

5 

2.32 

3.4 

tb-6 

15 

Dec 

49- 

6 

-4.33Z/  19.0 

TB-7 

15 

Dec 

49- 

7 

2.38 

3.3 

TB-8 

15 

Dec 

49- 

8 

2.51 

2.8 

TB-9 

15 

Dec 

49- 

9 

2.35 

3.3 

TB-10 

15 

Dec 

49- 

10 

2.38 

3.8 

TB-11 

15 

Dec 

49- 

11 

2.32 

4.4 

TB-12 

15 

Dec 

49- 

12 

2.44 

3.4 

U 

25 

Aug 

49-132 

2.24 

6.5 

15 

Dec 

49- 

10 

(See  TB-10' 

16 

Mar 

50- 

99 

2.42 

3.3 

11 

May 

50-108 

2.22 

3.5 

V 

25 

Aug 

49-130 

2.47 

4.4 

15 

Dec 

49- 

11 

(See  TB-11) 

16 

Mar 

50- 

97 

2.37 

3.2 

11 

May 

50-110 

2.46 

2.9 

j/^edian  of  20  on.  based  on  the 
nominal  diameters  of  15  pebbles. 


III-2 


E 7 509 


